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I. Real Party In Interest 

Genetics Institute, L.L.C. is assignee of record as evidenced by the assignment 
recorded on March 29, 2002, at reel 12772, frame 631 , and as such, is the real party in 
interest in this appeal. Genetics Institute, L.L.C. is a subsidiary of Wyeth. 
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II. Related Appeals and Interferences 

There are currently no other appeals or interferences, of which appellant, 
appellant's legal representative, or assignee are aware, that will directly affect or be 
directly affected by or have a bearing on the Board's decision in the pending appeal. 
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III. Status Of Claims 

Claims 1-20, 25-27, 31-40, and 45, and 50-57 are pending in this application and 
are currently rejected. Claims 21-24, 28, 41 , and 42 are cancelled, while claims 29, 30, 
43, 44, and 46-49 are withdrawn. The claims are provided in an Appendix to the appeal 
brief. As argued below. Appellants believe that the rejected claims are patentable. 
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IV. Status Of Amendments 

The most recent amendments were made on September 13, 2006. Therefore, all 
amendments to the specification and claims have been entered, and no amendments 
have been made subsequent to the September 13, 2006, Response. 
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V. Summary Of Claimed Subject Matter 

The present invention relates to methods of treating thromboses in a subject 
having hypertension. In particular, the method involves providing a patient a P-selectin 
ligand glycoprotein ligand 1 (PSGL-1). PSGL-1 is a high affinity ligand for P-selectin, 
and it may also bind to E-selectin and L-selectin. Specification, page 2, lines 6-7. 
PSGL-1 is expressed by leukocytes and mediates cell adhesion between leukocytes, 
platelets and endothelial cells. Id at 8-9. Cell adhesion, in turn, plays a role in 
thrombosis, which is the formation of a blood clot or thrombus. Id at 1 , line 5. 
Thromboses may form following blood vessel injury by invasive procedures such as 
angioplasty or coronary bypass surgery, or may be caused by cardiovascular 
conditions. Id. at lines 23-32. Thrombosis is a serious medical condition that can cause 
tissue damage and, if untreated, death. Id. at 1, lines 18-19. 

The present invention is based, in part, on the discovery that antagonists of P- 
selectin, including soluble PSGL-1 protein and PSGL fusion protein, inhibit cellular 
adhesion, thereby inhibiting formation of thrombosis. Thus, providing a patient with a 
PSGL-1 protein could treat or inhibit thrombus formation. The current claims focus on 
treatment of a subject having hypertension. While subjects with a variety of different 
conditions could be treated with the claimed method. Appellants selected "hypertension" 
at the request of the Examiner. See Interview Summary attached to Office Action 
mailed September 9, 2004. 

Independent claim 1 focuses on a method of treating or inhibiting thrombosis in a 
subject suffering from hypertension. It recites a method comprising administering to a 
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subject having hypertension a composition comprising a PSGL-1 protein which has P- 

selectin ligand activity. The recited P-selectin ligand activities include a) inhibiting P- 

selectin or E-selectin binding; b) inhibiting adhesion of at least one of leukocytes to 

endothelial cells, leukocytes to platelets, leukocytes to blood vessels, and platelets to 

blood vessels; c) inhibiting leukocyte recruitment to platelets and endothelial cells; d) 

increasing leukocyte migration; e) increasing movement of at least one of leukocytes 

and platelets relative to blood vessels; and f) increasing leukocyte rolling velocity. 

Independent claim 25 focuses on a method of inhibiting thrombus that is induced 
by a thrombus-inducing agent in a subject having hypertension. It recites a method 
comprising identifying a subject having hypertension and administering to the subject a 
composition comprising an effective amount of soluble PSGL-1 protein or a fragment 
thereof having a P-selectin ligand activity chosen from the same activities that are 
recited in independent claim 1 . 

Independent claim 31 is directed to a method of preventing deep vein thrombosis 
(DVT). DVT is the formation of thrombus within a deep vein. Specification, p. 1 , lines 8- 
9. Claim 31 recites a method comprising identifying a subject having or at risk for DVT 
and administering to the subject a composition comprising an effective amount of a 
soluble PSGL-1 protein or a fragment thereof having a P-selectin ligand activity chosen 
from the same activities that are recited in independent claim 1 . 

Independent claim 45 focuses on a prophylactic method of treating or inhibiting 
thrombosis in a subject with hypertension. It recites a method comprising identifying a 
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subject at risk of thrombosis due to liypertension and administering to the subject a 

composition comprising an effective amount of a PSGL-1 protein or a fragment thereof 

having a P-selectin ligand activity chosen from the same activities that are recited in 

independent claim 1. 

Independent claim 57 is directed to a method of treating, inhibiting or preventing 
thrombosis in a subject at risk for thrombosis. It recites a method comprising identifying 
a human subject at risk of thrombosis due to hypertension and administering to the 
subject a composition comprising an effective amount of a soluble PSGL-1 protein or 
fragment thereof having a P-selectin activity chosen from the same activities that are 
recited in independent claim 1 . 
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VI. Grounds of Rejection 

A. Claims 1-4, 8-13, 16-18, 25-27, 45-47, 50-53, and 57 stand rejected under 
35 U.S.C.§ 102(e). 

B. Claims 1 -20, 25-27, 31-40, 45, and 50-57 stand rejected under 
35 U.S.C.§ 103(a). 
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VIL Argument 

A. The Subject Matter Of The Claims Is Not Present Literally Or 
Inherently In The Prior Art 

In the Office Action mailed September 28, 2006, the Office rejects claims 1-4, 8- 
13, 16-18, 25-27, 45-47, and 50-53 under 35 U.S.C. § 102(e) as inherently anticipated 
by U.S. Patent No. 5,464,778 ("Cummings") as evidenced by THE MERCK MANUAL 
OF DIAGNOSIS AND THERAPY 1655 (17th ed. 1999) ("Merck Manual") and Lip etaL, 
"Hypertension and the prothrombotic state," J. Hum. Hyper. 14: 687-90 (2000) ("Lip"). 
Office Action, p. 3. 

Appellants respectfully assert that claims 1-4, 8-13, 16-18, 25-27, 45-47, 50-53, 
and 57 are not anticipated by the prior art because these claims recite subject matter 
that is not present literally or inherently in the prior art. In rejecting these claims, the 
Office relies on an improper standard for finding inherent anticipation. The prior art 
relied on by the Office does not disclose that hypertension is necessarily present in 
patients with thrombosis. Appellants also rely on a Declaration of Dr. Stefan 
Hemmerich on September 13, 2006. This Declaration is included in the attached 
Appendix. 

1. A Finding Of Inlierent Anticipation Requires That The 

Missing Descriptive Matter Is Necessarily Present In The 
Applied References 

A claim is anticipated "only if each and every element as set forth in the claim is 
found, either expressly or inherently described, in a single prior art reference." MPEP § 
2131 (8th ed., 2d rev. 2004) (citing Verdegaal Bros. v. Union Oil Co, of California, 814 
F,2d 628, 631 (Fed. Cir. 1987)). Normally, only a single reference should be used in 
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rejecting an application under 35 U.S.C. § 102, tliough a § 102 rejection over multiple 

references has been found proper where the additional reference was cited: (1) to 

prove the primary reference contains an enabled disclosure; (2) to explain the meaning 

of a term used in the primary reference; or (3) to show that a characteristic not disclosed 

in the primary reference is inherent. MPEP § 2131 .01 . The reference "must make clear 

that the missing descriptive matter is necessarilv present in the thing described in the 

reference." MPEP § 21 12 (citing Schering Corp. v. Geneva Pharmaceuticals, Inc., 339 

F.3d 1373, 1376 (Fed. Cir. 2003)) (emphasis added). Finally, inherency "may not be 

established by probabilities or possibilities. The mere fact that a certain thing may result 

from a given set of circumstances is not sufficient." MPEP § 21 12 (citing In re 

Robertson, 169 F.3d 743, 745 (Fed. Cir. 1999)). The burden is on the Office to "provide 

a basis in fact and/or technical reasoning to reasonably support the determination that 

the allegedly inherent characteristic necessarily flows from the teachings of the applied 

prior art." MPEP § 21 12 (citing Ex parte Levy, 17 U.S.P.Q.2d 1461 , 1464 (Bd. Pat. App. 

& Inter. 1990)). 

The recent Federal Circuit decision of Perricone v. Medicis, 432 F.3d 1368 (Fed. 
Cir. 2005), in which the court found lack of inherent anticipation, is instructive. In 
Perricone, the court considered whether a claim to a method of treating sunburn using a 
particular formulation was inherently anticipated by a prior patent that disclosed a 
similar formulation for use on skin. As stated by the court, "[i]f Pereira [the prior art] 
discloses the very same methods, then the particular benefits must naturallv flow from 
those methods, even if not recognized as benefits at the time of Pereira's disclosure." 
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Perricone F.3d at 1378 (emphasis added). In finding that the claimed method was not 

inherently anticipated, the court stated "[t]he issue is not, as the dissent and the district 

court imply, whether Pereira's lotion would inherently treat that damage, but whether 

Pereira discloses the application of its composition to skin sunburn." Id at 1378. The 

court concluded "[i]t does not," and that the claimed method of treating sunburn "recites 

a new use of the composition disclosed by Pereira, the treatment of sunburn." Id. at 

1337-79. Thus, the Federal Circuit clearly indicates that the mere possibility that a 

compound disclosed in the prior art could function in a particular manner does not 

preclude the patenting of a new use for the compound. 

The Federal Circuit's decision in Schering Corp. v. Geneva Pharmaceuticals, 
Ina, 339 F.3d 1373, 1376 (Fed. Cir. 2003) demonstrates the close relationship that 
must exist between the prior art and the later claimed invention for a finding of inherent 
anticipation. In Schering, the plaintiff obtained a patent that claimed the antihistamine 
loratadine, and obtained a later patent that claimed a metabolite of loratadine, DCL. 
The district court granted summary judgment to defendants who argued that the 
disclosure of loratadine inherently anticipated its metabolite, DCL. Schering, 339 F.3d 
at 1374. The Federal Circuit affirmed the lower court's ruling. Id. at 1382. The Federal 
Circuit noted that the metabolite was not expressly disclosed in the antihistamine 
patent, but that "the record demonstrated that DCL necessarily and inevitably forms 
from loratadine under normal conditions. DCL is a necessary consequence of 
administering loratadine to patients". Id. at 1378 (emphasis added). Accordingly, a 
loose association between the disclosure of the alleged anticipatory reference and the 
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later claimed subject matter is not sufficient to find anticipation. Rather, there must be a 

necessary relationship between the two. 

2. Hypertension Is Not Necessarily Associated With The 
Conditions Of Cummings 

In rejecting claims 1-4, 8-13, 16-18, 25-27, 45-47, 50-53, and 57, the Office fails 
to meet its burden in showing that hypertension is necessarily associated with the 
conditions of Cummings. The Office does not argue that the claimed invention is 
explicitly disclosed in the prior art, but cites The Merck Manual and Lip to show that 
hypertension is inherent in the conditions of Cummings. Office Action, p. 3. Cummings 
discusses the treatment of several conditions including atherosclerosis, stroke, and 
conditions produced by ischemia/reperfusion injury. See col. 18, line 54 to col. 19, line 
20, and col. 19, line 64 to col. 20, line 5. Cummings does not teach that these 
conditions are associated with hypertension. 

The reliance on The Merck Manual by the Office is misplaced because The 
Merck Manual actually exemplifies the distinct nature of hypertension and the conditions 
of Cummings. For example, the Merck Manual describes the characteristics of 
atherosclerotic vessels and then describes the distinct characteristics of such vessels 
when hypertension is present. THE MERCK MANUAL OF DIAGNOSIS AND 
THERAPY 1655 (17th ed. 1999). This description indicates that hypertension and 
atherosclerosis need not coexist. In fact, hypertension is not listed as a symptom 
characteristic of atherosclerosis in the passage of the Merck Manual cited by the Office, 
which states that "[a]therosclerosis is characteristically silent until critical stenosis. 
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thrombosis, aneurysm, or embolus supervenes." THE MERCK MANUAL OF 

DIAGNOSIS AND THERAPY 1657 (17th ed. 1999). 

Moreover, the Office cites passages of the Merck Manual that describe 
hypertension as a "risk factor" for several diseases. Office Action, p. 3. For example, 
the Office quotes the Merck Manual's statement that hypertension is one of "three risk 
factors, along with cigarette smoking and hypercholesterolemia predisposing to 
coronary atherosclerosis" and hypertension is the "most important risk factor 
predisposing to stroke." Id The Merck Manual's treatment of hypertension as one of 
several "risk factors" highlights how certain conditions may alter the probability or 
possibility of a particular disease but that such factors are not necessarily associated 
with the disease. A risk factor may be more "important" than others, suggesting a 
stronger association between the disease and the risk factor. Nevertheless, the risk 
factor indicates a probability or possibility of association, not a necessary association. 

Lip also fails to demonstrate that hypertension is necessarily associated with the 
conditions of Cummings. Similar to The Merck Manual, Lip describes the association as 
one of risk, not certainty. Lip describes haemostatic abnormalities that "appear to be 
additive to conventional risk factors for cardiovascular and cerebrovascular events." 
Lip, p. 687 (emphasis added). If fact, far from teaching a necessary association 
between hypertension and the conditions of Cummings, Lip discusses the uncertain 
relationship between the two. Lip speculates that, "[s]ince the processes of 
thrombogenesis and atherogenesis have certain similarities to inflammatory disease, 
the elevations in various indices may reflect the severity of vascular disorders as a 
secondary phenomenon rather than act as a true prognostic factor." Id at 689. Thus, 
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Lip makes clear that there is not a necessary association between hypertension and 

cardiovascular conditions, and Lip further indicates that there was uncertainty about the 

significance of any correlation between these phenomena when the invention was 

made. Accordingly, The Merck Manual and Lip do not support the contention that 

hypertension is necessarily associated with the conditions of Cummings, and 

Cummings does not inherently anticipate the claimed method. 

3. It Is Known To Those Of Ordinary Skill In The Art That 
Hypertension is Not Necessarily Present In The 
Conditions Of Cummings 

The Merck Manual indicates that there may be a correlation between 
hypertension and various conditions, but hypertension is just one of many risk factors 
that might predispose a patient to certain conditions. It is well known by those skilled in 
the art that patients with atherosclerosis need not also have hypertension. See 
Hemmerich Declaration, paragraph 7(A). 

The Merck Manual teaches that strokes can be caused by arteriosclerotic or 
hypertensive stenosis, thrombosis or embolism. (See page 1421). The Merck Manual 
does not teach that stroke is necessarily associated with hypertension. In totality, the 
Merck Manual indicates that hypertension and stroke do not always coexist and patients 
suffering from a stroke do not always have hypertension. This is well known among 
those skilled in the art. See Hemmerich Declaration, paragraph 7(B). 

The Merck Manual teaches that a number of factors including hypertension 
predispose a patient to Transient Ischemic Attacks (TIA). However, it is known to those 
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of skill in the art that ischemia and hypertension need not always coexist. See 

Hemmerich Declaration, paragraph 7(C). 

The Office has not shown inherent anticipation by Cummings. Cummings does 

not teach that hypertension is necessarily associated with the conditions of Cummings, 

and neither The Merck Manual not Lip show that hypertension is necessarily present in 

the diseases of Cummings. Moreover, those of skill in the art recognize that 

hypertension is not necessarily present in the diseases in Cummings. See Hemmerich 

Declaration. Accordingly, the instantly claimed invention is not inherently anticipated, 

and Appellants respectfully request that the rejection of claims 1-4, 8-13, 16-18, 25-27, 

45-47, 50-53, and 57 be withdrawn. 

B. The Subject Matter Of The Claims is Not Obvious 

The Office maintains the prior rejection of claims 1-20, 25-27, 31-40, 45, and 50- 
57 under 35 U.S.C.§ 103(a) as allegedly unpatentable over Cummings and Larsen et 
aL, U.S. Patent No. 5,840,679 ("Larsen") in view of Blann etal., "Evidence of platelet 
activation in hypertension," J. Hum. Hyper. 11:607-609 (1997) ("Blann"), Araneo etaL, 
U.S. Patent No. 6,150,348 ("Araneo") and DeFrees etaL, U.S. Patent No. 5,604,207 
("DeFrees"), and further in view of the Merck Manual. Office Action, p. 5. The Office 
apparently contends that administration of PSGL-1 to treat the conditions recited in 
Cummings and Larsen would inherently treat hypertension, and therefore thrombosis. 
Id 

Appellants respectfully assert that the claimed invention is not obvious in view of 
the publications cited by the Office. Hypertension and thromboses need not coexist. 
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Accordingly, the skilled artisan would not know if a patient suffering from hypertension 

also suffered from thromboses, and it would not be obvious to treat such a subject with 

PSGL-1 . A described in detail below, none of the publications relied upon by the Office 

supply the necessary link between hypertension, thromboses and treatment with PSGL- 

1 . As such, these publications, whether considered alone or together, fail to make out a 

prima facie case of obviousness. 

A proper prima facie obviousness rejection requires some suggestion or 

motivation, either in the references themselves or in the knowledge generally available 

to one of ordinary skill in the art, to modify the reference or to combine reference 

teachings. See M.P.E.P. § 2143. The Examiner bears the burden of establishing prima 

facie obviousness. See M.P.E.P. § 2142. 

1. There is No Motivation to Combine References 

In rejection the claimed methods as obvious, the relies upon an improper finding 
of inherency, and thus motivation to combine references is lacking. Cummings and 
Larsen neither teach nor suggest the use of a PSGL-1 protein for treating or inhibiting 
thrombosis in a patient with hypertension. As noted above, Cummings neither teaches 
nor suggests that hypertension is necessarily associated with any of the conditions 
discussed therein, and the lack of necessary association between hypertension and the 
conditions of Cummings was known to those of skill in the art. See Hemmerich 
Declaration, paragraph 8. Larson, Blann, Araneo, Defrees and The Merck Manual also 
fail to show such a necessary association and do not provide the motivation to arrive at 
the claimed invention. 
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a. Cummings 

As noted above, Cummings discusses the treatment of several conditions 
including atherosclerosis, stroke, and conditions produced by ischemia/reperfusion 
injury. See col. 1 8, line 54 to col. 1 9, line 20, and col. 1 9 line 64 to col. 20, line 5. 
Cummings does not teach that these conditions are associated with hypertension. 

b. Larsen 

Larsen describes a P-selectin ligand protein, and methods of treating numerous 
conditions using P-selectin ligand (See column 15, lines 50-66). Larsen does not 
mention treatment of subjects with hypertension nor does Larsen teach that conditions 
that might be treated with P-selectin ligand are associated with hypertension. Larsen 
also fails to teach that a composition having P-selectin ligand activity could be used to 
treat or inhibit thrombosis, thrombus formation or deep vein thrombosis in a subject 
having hypertension. The disclosure in Larsen, whether alone or when combined with 
Cummings, would not suggest to the skilled artisan that a composition having P-selectin 
ligand activity could be used to treat or inhibit thrombosis, thrombus formation or deep 
vein thrombosis in a subject having hypertension. See Hemmerich Declaration, 
paragraph 10. 

c. Blann 

Blann speculates that compounds that reduce platelet activity, such as aspirin, 
could be useful to treat thrombosis but does not teach that a composition having P- 
selectin ligand activity could be used to treat or inhibit thrombosis, thrombus formation, 
or deep vein thrombosis in a subject having hypertension. (Blann, page 608). There is 
no suggestion in Blann that PSGL-1 could be substituted for the compounds discussed 



20 



PATENT 
Customer No. 22,852 
Attorney Docket No. 08702.0006-00000 

in Blann, and Blann provides no motivation to do so. Moreover, to one skilled in the art, 

the disclosure in Blann would not suggest that a composition having P-selectin ligand 

activity could be used to treat or inhibit thrombosis, thrombus formation or deep vein 

thrombosis in a subject having hypertension. See Hemmerich Declaration, paragraph 

11. 

d. Araneo 

Araneo discusses methods of preventing or reducing the effects of ischemia and 
other conditions including pulmonary hypertension by administering the steroid DHEA, a 
very different compound from the instantly claimed protein. {See Abstract. Also see 
column 4). Araneo does not teach or suggest that a composition having P-selectin 
ligand activity could be used to treat or inhibit thrombosis, thrombus formation, or deep 
vein thrombosis in a subject having hypertension, but suggests a treatment based on 
reducing the level of P-selectin expression. (See column 17, lines 59-64). Araneo does 
not teach or suggest methods of treatment of a subject suffering from hypertension with 
PSGL-1 . To one skilled in the art, the disclosure in Blann would not suggest that a 
composition having P-selectin ligand activity could be used to treat or inhibit thrombosis, 
thrombus formation or deep vein thrombosis in a subject having hypertension. See 
Hemmerich Declaration, paragraph 12. 

e. DeFrees 

DeFrees describes analogs of sialyl Le^ and speculates about the use of these 
compounds to treat inflammatory disorders, and mentions the use of these analogs to 
treat deep vein thrombosis. (See column 3 and column 44, lines 35-65; see also 
column 45, lines 7-15). However, DeFrees does not teach or suggest to the skilled 
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artisan the treatment of deep vein thrombosis in a subject with hypertension. DeFrees 

fails to even mention hypertension. To the skilled artisan, DeFrees fails to suggest any 

relationship between P-selectin or PSGL-1 and the treatment of thrombosis in a subject 

with hypertension. See Hemmerich Declaration, paragraph 13. 

f. The Merck Manual 

As noted above. The Merck Manual merely describes a correlation between 
hypertension and certain conditions, but hypertension is just one of many risk factors 
that might predispose a patient to these conditions. Moreover, it is well known by the 
skilled artisan that patients with thrombotic conditions need not also have hypertension. 
See Hemmerich Declaration, paragraphs 7-8. 

Because of the shortcomings of Blann, Araneo, DeFrees and the Merck Manual, 
these publications fail to cure the deficiencies of Cummings and Larsen. First, none of 
these references teach or suggest that hypertension is necessarilv associated with the 
conditions discussed in Cummings and/or Larsen, and it would not be obvious to treat a 
patient suffering from a condition of Cummings and/or Larsen as the skilled artisan 
would not know whether the patient had hypertension. Second, each of Blann (aspirin), 
Araneo (hormone), and DeFrees (analogues of sialyl-Lewis^) discuss compounds other 
than a PSGL-1 protein. In the absence of a known or inherent association between 
hypertension and the conditions of Cummings or Larsen, and a teaching or suggestion 
to substitute PSGL-1 for the variety of compounds disclosed, one of skill in the art would 
have no motivation to arrive at the claimed invention by combining references. 
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2. Claim 27 is Not Prima Facie Obvious 

The Office maintains the prior rejection of claim 27 under 35 U.S.C.§ 103(a) as 
allegedly unpatentable over Cummings and Larsen, in view of Blann, Araneo, DeFrees, 
the Merck Manual, as applied to claims 1-20, 25-27, 31-40, 45, and 50-57 above, and 
further in view of Maugeri ef a/., "Polymorphonuclear Leukocyte-Platelet Interaction: 
Role of P-selectin in Thromboxane B2 and Leukotriene C4 Cooperative Synthesis," 
Thromb. Haem. 72:450-456 (1994) ("Maugeri") and Johnston etaL, "Differential Roles 
of Selectins and the a4-lntegrin in Acute, Subacute, and Chronic Leukocyte Recruitment 
In Vivo," J. ImmunoL 159:4514-4523 (1997) ("Johnston"). Office Action, p. 10. The 
Office concedes that Cummings and Larsen do not disclose the role of LTC4 in 
thrombus formation or thrombotic conditions perse, but maintains that LTC4 was a 
known thrombus-inducing agent involved in thrombus formation and thrombotic 
conditions, as allegedly shown by Maugeri and Johnston. Id at 1 1 . 

a. Maugeri 

Maugeri investigates a relationship between LTC^ and the aggregation of 

mixtures containing platelets and polymorphonuclear leukocytes, and describes 
decreased aggregation of these mixtures in the presence of an anti-P-selectin antibody 
in vitro, (See Introduction and Figure 2). Maugeri does not mention the use of a P- 
selectin ligand protein to treat thrombosis, and does not mention any relationship 
between thrombosis formation and hypertension. To one of ordinary skill in the art, the 
disclosure of Maurgeri would not suggest a method of treating or inhibiting thrombus 
formation induced by a thrombus-inducing agent in a subject comprising identifying a 
subject having hypertension and administering to the subject a composition of a PSGL- 
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1 protein, or said method wherein the thrombus inducing agent is LTC^. See 

Hemmerich Declaration, paragraph 15. 

b. Johnston 

Johnston investigates the ability of anti-P-selectin antibodies to inhibit LTC4- 
induced leukocyte rolling in vitro (See, e.g., Figure 1). Johnston speculates about anti- 
inflammatory strategies designed to block leukocyte recruitment but does not identify 
the use of a P-selectin protein. (See page 4532). Moreover, Johnston fails to teach or 
suggest any relationship between thrombus formation and hypertension. To one of 
ordinary skill in the art, the disclosure of Johnston would not suggest a method of 
treating or inhibiting thrombus formation induced by a thrombus-inducing agent in a 
subject comprising identifying a subject having hypertension and administering to the 
subject a composition of a PSGL-1 protein, or said method wherein the thrombus 
inducing agent is LTC4. See Hemmerich Declaration, paragraph 16. 

As noted above, neither Larsen nor Cummings teach or suggest treating or 
inhibiting thrombosis in a subject with hypertension and Blann, Araneo, DeFrees or the 
Merck Manual do not compensate for this deficiency, since none of these documents 
discuss administering a PSGL-1 protein for treating or inhibiting thrombosis in a subject 
having hypertension. Similarly, neither Maugeri nor Johnston compensate for these 
deficiencies because they also fail to discuss treating or preventing thrombosis in a 
subject having hypertension using a P-selectin ligand protein. To one of skill in the art, 
Maugeri and Johnston would not render the claimed invention obvious. See 
Hemmerich Declaration, paragraph 17. 
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Accordingly, Appellants respectfully request the withdrawal of the rejection of 

27. 
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VIII. Conclusion 

For the reasons given above, pending claims 1-20, 25-27, 31-40, and 45, and 50- 
57 are allowable and reversal of the Examiner's rejection is respectfully requested. 

To the extent any extension of time under 37 C.F.R. § 1 .136 is required to obtain 
entry of this Appeal Brief, such extension is hereby respectfully requested. If there are 
any fees due under 37 C.F.R. §§ 1 .16 or 1 .17 which are not enclosed herewith, 
including any fees required for an extension of time under 37 C.F.R. § 1.136, please 
charge such fees to our Deposit Account No. 06-091 6. 



Respectfully submitted, 



FINNEGAN, HENDERSON, FARABOW 
GARRETT & DUNNER, L.L.P. 



Dated: April 27, 2007 
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IX. Claims Appendix to Appeal Brief Under Rule 41.37(c)(1)(viii) 

1 . (Previously presented) A method of treating or inhibiting thrombosis in a subject 
having hypertension comprising administering to the subject a composition 
comprising an effective amount of a PSGL-1 protein having a P-selectin ligand 
activity chosen from at least one of: 

a) inhibiting P-selectin or E-selectin binding; 

b) inhibiting adhesion of at least one of leukocytes to endothelial cells, 
leukocytes to platelets, leukocytes to blood vessels, and platelets to blood 
vessels; 

c) inhibiting leukocyte recruitment to platelets and endothelial cells; 

d) increasing leukocyte migration; 

(e) increasing movement of at least one of leukocytes and platelets 
relative to blood vessels; and 

f) increasing leukocyte rolling velocity. 

2. (Previously presented) The method of claim 1 , wherein the PSGL-1 protein is a 
soluble PSGL-1 protein or a fragment thereof having a P-selectin ligand activity. 

3. (Original) The method of claim 2, wherein the soluble PSGL-1 protein is human 
PSGL-1. 

4. (Original) The method of claim 2, wherein the soluble PSGL-1 protein is a 
recombinant protein. 

5. (Original) The method of claim 2, wherein the soluble PSGL-1 protein comprises 
an Fc portion of an immunoglobulin. 
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6. (Original) The method of claim 5, wherein the immunoglobulin is human lgG1. 

7. (Original) The method of claim 2, wherein the soluble PSGL-1 protein is a 
recombinant human PSGL-lg fusion protein. 

8. (Previously presented) The method of claim 2, wherein the soluble PSGL-1 
protein comprises an extracellular domain of human PSGL-1 protein or a 
fragment thereof, capable of treating or inhibiting thrombosis. 

9. (Original) The method of claim 8, wherein the fragment comprises the amino 
acid sequence set forth in SEQ ID N0;2 from amino acid 42 to amino acid 60. 

10. (Original) The method of claim 8, wherein the fragment comprises the amino 
acid sequence set forth in SEQ ID N0:2 from amino acid 42 to amino acid 88. 

1 1 . (Original) The method of claim 8, wherein the fragment comprises the amino 
acid sequence set forth in SEQ ID N0:2 from amino acid 42 to amino acid 118. 

12. (Original) The method of claim 8, wherein the fragment comprises the amino 
acid sequence set forth in SEQ ID N0:2 from amino acid 42 to amino acid 189. 

13. (Original) The method of claim 8, wherein the fragment comprises the amino 
acid sequence set forth in SEQ ID N0:2 from amino acid 42 to amino acid 310. 

14. (Original) The method of claim 2, wherein the soluble PSGL-1 protein comprises 
the amino acid sequence from amino acid 42 to amino acid 88 of SEQ ID N0:2 
fused at its C-terminus to an Fc portion of an immunoglobulin. 

15. (Original) The method of claim 8, wherein the soluble PSGL-1 protein further 
comprises an Fc portion of an immunoglobulin. 

16. (Original) The method of claim 1 , wherein the subject is human. 
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17. (Previously presented) The method of claim 1, wherein the PSGL-1 protein is 
administered to the subject prior to thrombus formation. 

18. (Original) The method of claim 2, wherein the effective amount of soluble PSGL- 
1 protein or fragment thereof is between approximately 0.1 mg/kg and 10 mg/kg. 

19. (Original) The method of claim 18, wherein the effective amount of soluble 
PSGL-1 protein is approximately 1 mg/kg. 

20. (Previously presented) The method of claim 1 8, wherein the effective amount of 
soluble PSGL-1 protein is chosen from 0.1 mg/kg, 0.25 mg/kg, 0.5 mg/kg, 0.75 
mg/kg, 1 .0 mg/kg, 1 .25 mg/kg, 1 .5 mg/kg, 1 .75 mg/kg, 2.0 mg/kg, 2.25 mg/kg, 
2.5 mg/kg, 3.0 mg/kg, and 3.5 mg/kg. 

21 -24. (Canceled) 

25. (Previously presented) A method for inhibiting thrombus formation induced by a 
thrombus-inducing agent in a subject comprising identifying a subject having 
hypertension and administering to the subject a composition comprising an 
effective amount of soluble PSGL-1 protein or a fragment thereof having a P- 
selectin ligand activity chosen from at least one of: 

a) inhibiting P-selectin or E-selectin binding; 

b) inhibiting adhesion of at least one of leukocytes to endothelial cells, 
leukocytes to platelets, leukocytes to blood vessels, and platelets to blood 
vessels; 

c) inhibiting leukocyte recruitment to platelets and endothelial cells; 

d) increasing leukocyte migration; 
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e) increasing movement of at least one of leukocytes and platelets 
relative to blood vessels; and 

f) increasing leukocyte rolling velocity. 

26. (Previously presented) The method of claim 25, wherein the soluble PSGL-1 
protein or fragment thereof having a P-selectin ligand activity comprises a non- 
PSGL-1 amino acid sequence. 

27. (Original) The method of claim 25, wherein the thrombus-inducing agent is LTC4. 

28. (Canceled) 

29. (Withdrawn) The method of claim 1 , wherein the subject has a condition chosen 
from prolonged sitting, bed rest and immobilization. 

30. (Withdrawn) The method of claim 1 , wherein the subject is at risk of thrombosis 
due to a vascular procedure chosen from angioplasty, surgical revascularization, 
balloon angioplasty, laser angioplasty, percutaneous transluminal coronary 
angioplasty, coronary artery bypass grafting, rotational atherectomy, stenting, 
and coronary artery stenting. 

31 . (Previously presented) A method of preventing or treating deep vein thrombosis, 
comprising identifying a subject having or at risk for deep vein thrombosis and 
administering to a subject a composition comprising an effective amount of a 
soluble PSGL-1 protein or a fragment thereof having a P-selectin ligand activity 
chosen from at least one of: 

a) inhibiting P-selectin or E-selectin binding; 
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b) inhibiting adhesion of at least one of leukocytes to endothelial cells, 
leukocytes to platelets, leukocytes to blood vessels, and platelets to blood 
vessels; 

c) inhibiting leukocyte recruitment to platelets and endothelial cells; 

d) increasing leukocyte migration; 

e) increasing movement of at least one of leukocytes and 
platelets relative to blood vessels; and 

f) increasing leukocyte rolling velocity. 

32. (Previously presented) The method of claim 31 , wherein the soluble PSGL-1 
protein or fragment thereof is a human PSGL-1 . 

33. (Previously presented) The method of claim 31 , wherein the soluble PSGL-1 
protein or fragment thereof comprises an extracellular domain of human PSGL-1 
protein. 

34. (Previously presented) The method of claim 31 , wherein the soluble PSGL-1 
protein or fragment thereof comprises amino acid 42 to amino acid 60 of SEQ ID 
N0:2. 

35. (Previously presented) The method of claim 31 , wherein the soluble PSGL-1 
protein or fragment comprises the amino acid sequence set forth in SEQ ID N0:2 
from amino acid 42 to amino acid 88. 

36. (Previously presented) The method of claim 31 , wherein the soluble PSGL-1 
protein or fragment thereof comprises a non-PSGL-1 amino acid sequence. 

37. (Previously presented) The method of claim 36, wherein the non-PSGL-1 amino 
acid sequence comprises an Fc portion of an immunoglobulin. 
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38. (Previously presented) The method of claim 37, wherein the soluble PSGL-1 
protein or fragment comprises the amino acid sequence from amino acid 42 to 
amino acid 60 of SEQ ID N0:2. 

39. (Previously presented) The method of claim 37, wherein the soluble PSGL-1 
protein or fragment comprises the amino acid sequence from amino acid 42 to 
amino acid 88 of SEQ ID N0:2. 

40. (Previously presented) The method of claim 31 , wherein the subject is at risk for 
deep vein thrombosis due to hypertension. 

41-42.(Canceled) 

43. (Withdrawn) The method of claim 31 , wherein the subject is at risk for deep vein 
thrombosis due to prolonged sitting, bed rest or immobilization. 

44. (Withdrawn) The method of claim 31 , wherein the subject is at risk for deep vein 
thrombosis due to a vascular procedure chosen from angioplasty, surgical 
revascularization, balloon angioplasty, laser angioplas ty, percutaneous 
transluminal coronary angioplasty, coronary artery bypass grafting, rotational 
atherectomy, stenting, and coronary artery stenting. 

45. (Previously presented) A prophylactic method of treating or inhibiting thrombosis 
in a human subject comprising identifying a subject at risk of thrombosis due to 
hypertension and administering to the subject a composition comprising an 
effective amount of a PSGL-1 protein or a fragment thereof having a P-selectin 
ligand activity chosen from at least one of: 

a) inhibiting P-selectin or E-selectin binding; 
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b) inhibiting adhesion of at least one of leukocytes to endothelial cells, 
leukocytes to platelets, leukocytes to blood vessels, and platelets to blood 
vessels; 

c) inhibiting leukocyte recruitment to platelets and endothelial cells; 

d) increasing leukocyte migration; 

e) increasing movement of at least one of leukocytes and platelets 
relative to blood vessels; and 

f) increasing leukocyte rolling velocity. 

46. (Withdrawn) The method of claim 45, wherein the subject is at risk of thrombosis 
due to a disorder, condition or procedure chosen from: 

(a) a cardiovascular disease or disorder; 

(b) prolonged sitting, bed rest, or immobilization; and 

(c) a surgical procedure. 

47. (Withdrawn) The method of claim 46, wherein the cardiovascular disease or 
condition is chosen from hypertension, arterial inflammation, rapid ventricular 
pacing, aortic bending, vascular heart disease, atrial fibrillation, congestive heart 
failure, sinus node dysfunction, angina, heart failure, atrial flutter, 
cardiomyopathy, coronary artery disease, coronary artery spasm, and 
arrhythmia. 

48. (Withdrawn) The method of claim 46, wherein the subject is at risk of thrombosis 
due to immobilization due to medical or surgical illness. 

49. (Withdrawn) The method of claim 46, wherein the surgical procedure is chosen 
from a vascular procedure, angioplasty, surgical revascularization, balloon 
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angioplasty, laser angioplasty, percutaneous transluminal coronary angioplasty, 

coronary artery bypass grafting, rotational atherectomy, stenting, and coronary 

artery stenting. 

50. (Previously presented) The method of claim 45, wherein the soluble PSGL-1 
protein is a human PSGL-1 . 

51 . (Previously presented) The method of claim 45, wherein the soluble PSGL-1 
protein or fragment thereof comprises an extracellular domain of human PSGL-1 
protein. 

52. (Previously presented) The method of claim 45, wherein the soluble PSGL-1 
protein or fragment thereof comprises amino acid 42 to amino acid 60 of SEQ ID 
N0:2. 

53. (Previously presented) The method of claim 45, wherein the soluble PSGL-1 
protein or fragment thereof comprises amino acid 42 to amino acid 88 of SEQ ID 
N0:2. 

54. (Previously presented) The method of claim 45, wherein the soluble PSGL-1 
protein or fragment thereof comprises a non-PSGL-1 amino acid sequence. 

55. (Previously presented) The method of claim 54, wherein the non-PSGL-1 amino 
acid sequence comprises an Fc portion of an immunoglobulin. 

56. (Previously presented) The method of claim 55, wherein the soluble PSGL-1 
protein or fragment comprises the amino acid sequence from amino acid 42 to 
amino acid 60 of SEQ ID N0:2. 

57. (Previously presented) A method for treating, inhibiting, or preventing thrombosis 
in a subject at risk of thrombosis comprising identifying a human subject at risk of 
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thrombosis due to hypertension and administering to the subject a composition 

comprising an effective amount of a soluble PSGL-1 protein or fragment thereof 

having a P-selectin activity chosen from at least one of: 

inhibiting P-selectin or E-selectin binding; 

inhibiting adhesion of at least one of leukocytes to endothelial cells, leukocytes to 
platelets, leukocytes to blood vessels, and platelets to blood vessels; 
inhibiting leukocyte recruitment to platelets and endothelial cells; 
increasing leukocyte migration; 

increasing movement of at least one of leukocytes and platelets relative to blood 
vessels; and 

increasing leukocyte rolling velocity. 
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X, Evidence Appendix to Appeal Brief Under Rule 41.37fc)f1)(ix) 

Appellants rely on the Declaration of Dr. Stefan Hemmerich, submitted on 
September 13, 2006, in support of these arguments. The Examiner entered this 
Declaration into the record on September 28, 2006, and a copy has been included with 
this filing. Additionally, Appellants rely on the following publications discussed in and 
attached to this Declaration: 

• Cummings et al. U.S. Patent No. 5,464,778; 

• THE MERCK MANUAL OF DIAGNOSIS AND THERAPY 1 655 (1 7th ed. 
1999); 

• Larsen et al., U.S. Patent No. 5,840,679; 

• Lip et al., "Hypertension and the prothrombotic state," J. Hum. Hyper. 14: 
687-90 (2000); 

• Blann etal., "Evidence of platelet activation in hypertension," J. Hum. 
Hyper. 11:607-609 (1997); 

• Araneo et al., U.S. Patent No. 6,150,348; 

• DeFrees et al., U.S. Patent No. 5,604,207; 

• Maugeri et al., "Polymorphonuclear Leukocyte-Platelet Interaction: Role 
of P-selectin in Thromboxane B2 and Leukotriene C4 Cooperative 
Synthesis," Thromb. Haem. 72:450-456 (1994); and 

• Johnston et al., "Differential Roles of Selectins and the a4-lntegrin in 
Acute, Subacute, and Chronic Leukocyte Recruitment In Vivo," J. 
Immunol. 159:4514-4523(1997). 

X 



XI. Related Proceedings Appendix to Appeal Brief Under Rule 41,37(c)(1)(x) 

Appellants are not aware of or relying on any decisions in related proceedings. 
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The basic underlying pathophysiological processes 
underlying the major complications of hypertension 
(that is, heart attacks and strokes) are thrombogenesis 
and atherogenesis. Indeed, despite the blood vessels 
being exposed to high pressures in hypertension, the 
complications of hypertension are paradoxically throm- 
botic in nature rather than haemorrhaglc. The evidence 
suggests that hypertension appears to confer a 
prothrombotic or hypercoaguiable state, which can be 

Keywords: hypercoaguiable; prothrombotic; coagulation; haemorheology; prognosis 



related to conventional risk factors, target organ dam- 
age, complications and long-term prognosis, as well as 
different antihypertensive treatments. Further work is 
needed to examine the mechanisms leading to this 
phenomenon, the potential prognostic and treatment 
implications, and the possible value of measuring these 
parameters in routine clinical practice. 
Journal of Human Hypertension (2000) 14, 687-690 



Introduction 

Hypertension is well-recognised to be an important 
contributor to heart attacks and stroke.^ Further- 
more, effective antihypertensive therapy reduces 
strokes by 30-40%. and coronary artery disease by 
approximately 25%.^ Nevertheless the basic under- 
lying pathophysiological processes underlying both 
of these major complications of hypertension are 
thrombogenesis and atherogenesis. Indeed, despite 
the blood vessels being exposed to high pressures in 
hypertension, the complications of hypertension are 
paradoxically thrombotic in nature rather than 
haemorrhaglc. Whilst much attention has been 
focused on the renin-angiotensin system, cathechol- 
amines and other neurohormonal mechanisms 
involved in the pathogenesis of hypertension, the 
study of the prothrombotic state in hypertension has 
been relatively neglected. 

Over 150 years ago, Virchow postulated that three 
features predispose to thrombus formation, that is, 
abnormalities in blood flow, blood constituents and 
the vessel wall.^ Whilst Virchow was referring to 
venous thrombosis, the concepts can be applied to 
arterial thrombosis. An update of Virchow's triad for 
thrombogenesis for the new millennium can be con- 
sidered by reference to abnormalities of haemo- 
rheology and turbulence at bifurcations and stenotic 
regions (that is, 'abnormal blood flow'), abnormali- 
ties in platelets as well as the coagulation and 
fibrinolytic pathways (^abnormal blood con- 
stituents*) and finally, abnormalities in the endo- 
thelium ('abnormal vessel wall')." 
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Indeed, patients with hypertension are well-recog- 
nised to demonstrate abnormalities of each of these 
components of Virchow's triad, leading to a 
prothrombotic or hypercoaguiable state.'* Further- 
more, the processes of thrombogenesis and athero- 
genesis are intimately related, and many of the basic 
concepts thrombogenesis can be applied to athero- 
genesis. Importantly, recent improvements in bio- 
chemical techniques have enabled us to quantify dif- 
ferent components of both these processes. 

Evidence for the prothrombotic state in 
hypertension 

Evidence for the hypercoaguiable state in hyperten- 
sion has been extensively reviewed.*^ Indeed, evi- 
dence from numerous epidemiological,'"® cross- 
sectionar°" and cohort studies" " have reported 
abnormalities in the coagulation and fibrinolytic 
pathways, as well as in platelets and the endo- 
thelium. 

Relation to conventional risk factors 

These abnormalities in haemostasis appear to be 
additive to conventional risk factors for cardiovascu- 
lar and cerebrovascular events. For example, in the 
ECAT study, high plasma fibrinogen in association 
with high serum cholesterol was associated with the 
highest risk for cardiovascular events." The inter- 
action between plasma fibrinogen and cholesterol 
levels is also demonstrated in the Leigh Study, 
where the incidence of heart attacks was six times 
greater in those with high plasma fibrinogen 
{^3.5 g/1) and cholesterol levels (5=6.2 mmol/1), 
when compared to those with low fibrinogen 
(<3.5 g/1) levels.*^ Other risk factors, such as smok- 
ing and diabetes, markedly influence the prothrom- 
botic state and are probably additive to the intrinsic 
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abnormalities (and cardiovascular risk) seen in 
hypertensives. 

Association with target organ damage 
The abnormalities in haemostasis in hypertensives 
can be related to target organ damage, such as the 
presence of left ventricular hypertrophy on echocar- 
diography." The latter is a powerful predictor of 
cardiovascular events, with an eight-fold increase in 
the risk of stroke and a four-fold increase in the risk 
of coronary artery disease. The presence of left ven- 
tricular hypertrophy (LVH) is also an independent 
contributor to the risk of stroke in atrial fibril- 
lation.*® Furthermore, high von Willebrand factor 
levels, an established index of endothelial damage 
or dysfunction can be related to microalbuminuria 
(defined as the excretion of urine albumin betvveen 
20 and 200mcg/min), another surrogate manifes- 
tation of hypertensive target organ damage." 

The abnormalities in various indices can perhaps 
be related to the degree, and possibly the duration 
of hypertension, and those with mild hypertension 
or lower blood pressures, and more recent onset 
hypertension (which is usually more difficult to pre- 
cisely quantify) may show less abnormalities in the 
prothrombotic state. For example, patients with 
severe hypertension (defined as >160/95 mmHg) 
demonstrate high plasma von Willebrand factor 
levels^°-^° which does not appear to be present in 
patients with milder elevations of blood pressure.^ ® 
Although endothelial dysfunction or damage can be 
present as a result of hypertension, others have even 
considered that endothelial damage may actually 
promote hypertension.'® 

Association with the complications of 
hypertension 

The common complications of hypertension can 
also be related to a prothrombotic state. For 
example, hypertension is a common cause of atrial 
fibrillation^" and indeed, is additive to the risk of 
stroke and thromboembolism with this arrhyth- 
mia.^' Atrial fibrillation per se is also well-recog- 
nised to be associated with abnormalities of haemo- 
stasis and endothelial dysfunction, which are 
altered by cardioversion and antithrombotic ther- 
apy, and are independent of underlying aetiology or 
structural heart disease.^^ 

Hypertension is an important cause of heart fail- 
ure" and the evidence also points towards a hyper- 
coagulable state in heart failure." Indeed, heart fail- 
ure is an important contributor to stroke and 
thromboembolism, with an inverse relationship 
between ejection fraction and stroke in the Survival 
and Ventricular Enlargement (SAVE) study; there 
was an 18% increase in stroke risk for every 5% 
reduction in left ventricular ejection fraction, thus 
clearly relating thromboembolism to severe cardiac 
impairment and the severity of heart failure.=^^ 

Association with prognosis 

Mounting evidence of the prognostic value of these 
markers raises the possibility that they are not 



merely markers or consequences of atherothrom- 
botic disease, but may contribute to the pathogen- 
esis of hypertension and its complications. Indeed 
various indices are predictive of outcome in hyper- 
tension. 

For example the Leigh general practice study 
reported that hypertensive subjects with plasma 
fibrinogen levels >3.5 g/1 had a 12-fold higher car- 
diovascular risk than those with plasma fibrinogen 
levels <2.9 g/l." Blann et aP^ suggested that high 
von Willebrand factor levels had prognostic value 
in hypertension, being predictive of cardiovascular 
disease progression. The study by Agewall et ai" 
found that prothrombin fragment l-h2 and C-reactive 
protein were independent predictors of major coron- 
ary events. Our recent study also suggested that 
patients with h)rpertension who developed cardio- 
vascular or cerebrovascular events at 4 years* follow- 
up had higher baseline vWf and fibrin D-dimer lev- 
els compared to those without events, although on 
Cox multivariate proportional hazards analysis only 
plasma fibrinogen and blood pressure levels 
emerged as independent predictors." 

The possibility therefore remains that some 
prothrombotic indices, either individually or combi- 
nation, may proyide sufficiently high predictive 
value for cardiovascular disease and stroke. Further 
prospective studies on large cohorts would be 
required to confirm this hypothesis. 

Effects of treatment 

Treating hypertension may reduce the prothrom- 
botic state. Indeed, antihypertensive agents with 
particular benefits in the hypercoagulable state in 
hypertensives would be likely to have additional 
advantages in reducing stroke and other throm- 
boembolic events. For example, treated hyperten- 
sives demonstrate normal von Willebrand factor 
levels.'® However, different drugs may affect the 
prothrombotic state differently (as reviewed by 
Lee®). For example, drugs such as beta-blockers or 
calcium antagonists may have favourable haemo- 
rheological actions. In contrast, diuretics may have 
the opposite effect in increasing blood viscosity.^^'^® 
These differences may in part explain some of the 
differences between different antihypertensive 
agents in the reduction of endpoints in some trials 
of antihypertensive therapy. For example, thiazides 
are beneficial in older hypertensives (over beta- 
blockers and placebo) in reducing stroke and cardiac 
events.^^'^° In contrast, hypertensive patients on 
diuretic therapy have an increased mortality if elec- 
trocardiographic abnormalities (including LVH) are 
present.*"*' 

Another example is isolated systolic hyperten- 
sion, which was regarded as a 'different' disease 
from conventional systolic-diastolic hypertension. 
Indeed, most epidemiological and treatment studies 
have concentrated on diastolic blood pressures, 
whilst it has been recognised that systolic blood 
pressure is a better predictor of cardiovascular 
events. ^^'^^ Furthermore, recent trials have con- 
firmed the value of treating isolated systolic hyper- 
tension. ^^-^^ Indeed data from the Syst-Eur study" 
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demonstrates how devastating isolated systolic 
hypertension can be, in terms of the number of 
thrombosis-related complications (that is, strokes 
and heart attacks) in the placebo group, which was 
reduced by antihypertensive therapy. This has led 
to recent appeals for the abandonment of the 
measurement of diastolic blood pressure.^® Both iso- 
lated systolic hypertension and systolic-diastolic 
hypertension have been shown to be associated with 
abnormalities of haemorheology. thrombogenesis 
and endothelial dysfunction, as well as having simi- 
lar echocardiographic parameters and left ventricu- 
lar mass index, in keeping with both disease pro- 
cesses being similar in pathophysiology.^^ 

Cause or effect? 

It is likely that a continuum exists between nor- 
mality, 'statistically increased' levels of haemostatic 
markers and overt thrombosis. If so, it is also likely 
that those with high levels of haemostatic markers 
are predictive of subsequent thromboembolic 
events, which has been borne out by recent pub- 
lished evidence. Indeed, other haemostatic markers 
have been shown to have prognostic implications in 
patients with ischaemic heart disease and peripheral 
arterial disease.^' 

Nevertheless this raises the question whether the 
abnormal prothrombotic indices are 'cause or effect' 
with regard to cardiovascular disease. Whilst elev- 
ated plasma levels of a prothrombotic state are con- 
sistently associated with various cardiovascular dis- 
orders (coronary, cerebrovascular and peripheral 
artery disease) and the risk of vascular events, it has 
been suggested that these associations may be 
explained by a reactive or secondary rise in these 
plasma haemostatic factors, either as an acute phase 
response or as an atherosclerosis-related 'haemato- 
logical stress syndrome'.^^ Since the processes of 
thrombogenesis and atherogenesis have certain 
similarities to inflammatory disease, the elevations 
in various indices may reflect the severity of vascu- 
lar disorders as a secondary phenomenon rather 
than act as a true prognostic factor. 

The hereditary determination of levels of some 
clotting markers makes it less likely that raised lev- 
els are simply a secondary response to cardiovascu- 
lar disorders. For example, raised plasma levels of 
some indices, such as fibrinogen and vWf are also 
known to precede cardiovascular events. In 
addition, there is also an association between 
plasma fibrinogen or vWf levels with the clinical 
severity of angina or degree of coronary artery dis- 
ease.^** High levels of markers such as vWf are found 
following endothelial injurj' by smoking, hyperten- 
sion or hyperlipidaemia."" There is also experi- 
mental evidence that some prothrombotic indices 
may be increased by glucocorticoids and cytokines 
such as interleukin-1 and tumour necrosis factor 
(TNF) which are produced by monocytes and 
macrophages.^''"*^ However, since some clotting fac- 
tors are also acute phase proteins, increased levels 
may simply reflect endothelial activation or stimu- 
lation, and not endothelial dysfunction. The precise 
mechanisms for the elevated levels of various 
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prothrombotic markers in hypertension and other 
cardiovascular disorders therefore remain uncertain, 
although a cytokine-mediated increase in synthesis 
is likely to be the common pathway. 

Conclusion 

Whilst the blood vessels are exposed to high press- 
ures in patients with hypertension, the main com- 
plications related to hypertension (that is. heart 
attacks and stroke) are paradoxically thrombotic in 
nature. Hypertension appears to confer a prothrom- 
botic or hypercoagulable state, which can be related 
to target organ damage, long-term prognosis and 
treatment. Further work is needed to examine the 
mechanisms leading to this phenomenon, the poten- 
tial prognostic and treatment implications, and the 
possible value of measuring these parameters in rou- 
tine clinical practice. This new millennium may 
provide the answers. 
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Evidence of platelet activation in 
hypertension 
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To test the hypothesis that platelet activation is present 
In hypertension, we measured plasma markers beta 
thrombogiobulin and soluble P-selectin In hypertensive 
patients and normotenstve controls. Both markers were 
raised In the patients (P < 0.05), and in a subgroup of 
patients, beta thrombogiobulin was reduced with suc- 

Keywords: soluble P-se!ectin; beta thrombogiobulin; platelets 



cessf ul treatment of hypertension with the ACE inhibitor 
quinapril. We suggest that reversible platelet activation 
is present in hypertension. This may be a contributing 
factor to the link between this risk factor and the devel- 
opment of thrombotic disease such as stroke. 



Introduction 

A major consequence of hypertension is stroke. 
However, it is curious that these strokes are often of 
thrombotic/occlusive origin, and not haemorrhagic 
origin. It has therefore been hypothesised that this 
may be related to changes in thrombosis and haemo- 
stasis (eg, levels of fibrinogen, cross-linked fibrin D- 
dimer) in patients with hypertension. An additional 
manifestation of these changes which could promote 
thrombosis may also be inappropriate changes in 
platelet physiology such as excess activation and 
increased volume, as is known in ischaemic heart 
disease and stroke.^ Increased plasma levels of plate- 
let specific products soluble P-selectin (a component 
of the alpha granule membrane) and beta thrombog- 
iobulin (a constituent of the alpha granule matrix) 
are taken to imply increased platelet activation.^*^ 
We therefore aimed to determine whether or not 
patients with hypertension would have evidence of 
platelet activation as defined by increases in these 
soluble plasma markers. 

Subjects and methods 

We measured soluble P-selectin in citrated plasma 
and beta thrombogiobulin in CTAD plasma (a cock- 
tail of citrate, theophylline, adenosine and dipyrida- 
mole designed to minimise ex vivo platelet acti- 
vation: Diatube, Diagnotica Stago, France) by 
commercial immunoassay in two separate studies. 
The first was a cross-sectional study of 100 patients 
with essential hypertension (mean systolic blood 
pressure [SBP] 162 nun Hg, mean diastolic blood 
pressure [DBP] 98 mmHg, 76 men, mean age 54 
years) and 47 normotensive (blood pressures 138/77 
mmHg, 30 men, mean age 52 years) age and sex 
matched controls. Soluble P-selectin was measured 
by the Takara Shuzo ELISA (Honshu, Japan). The 
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second was a study of 40 patients with newly-diag- 
nosed hypertension (mean SBP 165 mm Hg, mean 
DBP 107 mm Hg, 32 men, mean age 48 years). Beta 
thrombogiobulin was measured by Amersham RIA 
(Amersham, UK) and this study was controlled by 
plasma from 22 normotensive (mean blood pressure 
135/74 mmHg), age (45 years) and sex (15 men) 
matched controls. Twenty of the patients were 
treated with the angiotensin-converting enzyme 
(ACE) inhibitor quinapril 10 mg daily. A second 
plasma sample was obtained from the same patients 
after 12 weeks, when BP had fallen significantly to 
a mean of systolic 151 mm Hg [P < 0.05) and dias- 
tolic 98 mm Hg [P < 0,05). All subjects were 
asymptomatic for vascular disease and were also 
free of complications such as diabetes, renal and 
liver disease, or connective tissue disease. 

Statistics 

Data between patients and controls was analysed by 
the Mann-Whitney U test. Data at two time points 
was analysed by paired t-testing. Correlations were 
by Spearman's ranks method. 

Results 

In the cross-section study, soluble P-selectin in the 
citrated plasma of the patients was median 
300ng/mL, range 190-800 ng/mL. In the controls it 
was median 228, range 175-412 ng/mL (P<0.05, 
Figure 1). However, there were no Spearman rank 
correlations with either SBP or DBP. 

In the second study plasma beta thrombogiobulin 
was median 58 ng/ml (95% confidence interval [CI] 
40-77 ng/mL) in the patients and 32 ng/mL (95% 
CI 27-36 ng/mL) in 22 controls (P < 0.01, Figure 2). 
Again, there were no Spearman rank correlations 
with either SBP or DBP. 

After 12 weeks treatment with quinapril, mean BP 
in the 20 patients dropped to 151/98 (P < 0.05). This 
was accompanied by a reduction in plasma beta 
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Figure 1 Levels of soluble P-selectin in the plasma of patients 
with hypertension and in controls. The bar is the median value. 
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Figure 2 Levels of beta thromboglobulin (i3TG) in the plasma of 
patients with hypertension and in controls. The bar is the 
median value. 



thromboglobulin from a median of 69ng/mL (95% 
Ci 45-106 ng/mL) to a median of 46 ng/mL (95% CI 
35-60 ng/mL) [P < 0.05). 

Discussion 

The majority of strokes due to hypertension are 
thrombotic, implicating changes in thrombosis, hae- 
mostasis and/or platelet function. Beta thromboglob- 
ulin and soluble P.-selectin are plasma markers of 
platelet activation.^-^ Therefore, the raised levels in 
essential hypertension we have found suggests 
adverse changes to the physiology of this cell. In 
addition, our data point to evidence of reversible 
platelet activation in patients with hypertension. 
Our data compliment previous studies of the effects 
of captopril on platelet aggregation.*-® Both these 
studies showed that the drug produced a beneficial 



profile in the response of platelets to ex vivo aggre- 
gation by adrenaline, ADP and collagen. We caimot 
say if this effect is likely to be constant for any parti- 
cular therapy as we and others have used only 
ACE inhibitors. 

Together, changes may be at least partly respon- 
sible for the increased risk of thrombotic stroke and 
indicates that therapeutic strategies aimed at reduc- 
ing platelet activity (such as the use of aspirin) may 
be beneficial. 
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Summary 

In PMN/platelet suspensions stimulated by fML? giant mixed ag- 
gregates are formed and TxBj and LTC4 are synthesized as the result of 
the cooperation in the arachidonic acid (AA) metabolism during 
cell/cell contact PMN-derived cathepsin G induced the expression of 
P-selectin on platelet surface. GEI2. .an antibody against P-selectin, 
significantly reduced mixed cell aggregates. GE12 did not affect plate- 
let aggregation induced by PMN-derived supemalants, indicating that 
ihe inhibitory effect of GE12 on mixed cell aggregation depends on 
inhibition of PMN/platelet adhesion. GEl 2 significantly reduced TxB, 
and LTC4 production in PMN/platelet mixed ceil suspensions stimu- 
lated by fMLP. As previously reported, synthesis of 'H-TxBj in ^H- 
AA-labeled PMN/unlabeled platelets indicates that platelets utilize ^H- 
AA from PMN. ^H-LTC4 production in unlabeled PMN/^H-AA-labeled 
platelets indicates that bidirectional routes are utilized in this system for 
LTC4 synthesis. GEI2 significantly reduced ^H-TxB^ and ^H-LTC4 
synthesis. These results show that cathepsin G released by activated 
PMN induces the expression of P-selectin on platelet membrane: this 
adhesive glycoprotein modulates cell-cell contact and transcellular 
metabolism of AA. 

Introduction 

Polymorphonuclear leukocytes (PMN) and platelets cooperate in 
processing arachidonic acid (A A) or A A -derived intermediate metabo- 
lites into biologically active substances that play a pathophysiological 
role in inflammation and thrombosis (1, 2). 

Human PMN activated in vitro by several specific agonists are able 
to activate coincubated autologous platelets. This effect is largely me- 
diated by cathepsin G» a neutral serine protease released from azurophil- 
ic granules of activated PMN (3-8). In this system after challenge with 
n-formyl-methionyl-leucyl-phenylalanine (fMLP). activated cells form 
giant mixed aggregates composed of both cell types tightly interacting 
lit membrane level as shown by electron microscopy (7). 

In a previous study, we demonstrated that in experimental condi- 
tions, in which fMLP-challenged PMN were able to stimulate coin- 
cubated platelets through released cathepsin G. transcellular meta- 
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holism occurred in which platelets used PMN-derived unmetabolized 
AA to synthesize thromboxane (Tx) (9). In these experiments direct 
platejet^MN contact was important for transcellular TxBj production. 

Further invesdgations showed that in this system leukotriene (LT) 
C4 is also formed. This metabolite may be generated by platelets (10) 
utilizing LTA4 derived from activated PMN. Moreover part of this 
LTA4 is result of the PMN metabolizaiion of platelet-derived arachi- 
donic acid, as shown by the appearance of ^H-LTC^ from PMN-^H- AA- 
labeled platelets mixed cell suspensions activated by fMLP. This bi- 
directional pathway has been previously documented (11,12). 

Palmantier and Borgeat (13) rose the hypothesis thai direct cell-cell 
contact by specific adhesion molecules may facilitate AA transcellular 
metabolism between platelets and PMN. 

Prevention of PMN-endothelial cells adhesion by antibodies against 
L-selectin and CD18 reduced LTC4 generation (14) showing for the 
first time the involvement of adhesion in IransceUular eicosanoids bio- 
synthesis. 

PMN and platelets can physically interact at membrane level 
through specific adhesion molecules. P-selecdn (15), previously known 
as Platelet Activation Dependent Granule External Membrane Protein 
(PADGEM) (16) or Granule Membrane Protein 140 (GMP-140) (17), 
is an integral glycoprotein of alpha granules maximally expressed on 
platelet surface after activation that recognizes components of PMN 
membrane that include the sialyl-Lewis X (neuSAc a 2-3 Gal P 1-4 
[Fuc a 1-3] GIc NAc P-R) and a protein (1 8-23). P-selectin-dependent 
platelet-leukocyte adhesion has been recently reported as the specific 
mechanism localizing PMN at the site of thrombus fonnation (24). 

The aim of this study was to investigate the role of P-selectin- 
mediated PMN-platelet adhesion in TxBj and/or LTC4 transcellular 
metabolism occurring between PMN activated by a specific agonist, 
such as fMLP, and platelets subsequently activated by PMN-released 
cathepsin G. 

Materials and Methods 

Chemicals 

IMLP, prostaglandin (PG)E,, PGE^. TxBj. N-2 hydroxyethyl piperazinc N 
1-2-cthancsuifonic acid (HEPES), ethylene glycol-bis (b-aminocthyl ether }'N. 
N, N\ N\-teiraacclic iicid (EGTA)» from Sigma Chemical Co. (St. Louis. MO): 
LTB4, 6-trans-LTB,. 6-irans-I2-cpi-LTB4, LTC4 and LTE^ from Cayman 
Chemical Co. (Ann Arb(ir. Ml). Cathepsin G purified from human PMN from 
Calbiochem (San Dic^o. CAJ: Dexiran T500 and Ficoll-Hypaque from I 'bar 
macia Fine Chemiciil^ 1 Uppsala, Sweden); Triton X-100 from Aldrich Chiniic:: 
S.r. I. (Milano. Ii:ily) pMrificd human fibrinogen fromKabi Di:ii;n'>if,.i 
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(Slockholnu Sweden). Eglin C (recombinant CGP 32968) was kindly provided 
by Gba Geigy (Basel, Switzerland). 

5-[l,2-^H)) Hydroxytryptamine binoxalatc (-^H-S-HT, specific activity 
15-30 Ci/mmol); [5, 6, 8, 9J IJ 2 J4, 15, (N)|-TxB2 (^H-IxB,), [5. 6, 8* 9, 
11. 12. 14. 15-^H.(N))-arachidonic acid (^H-AA). specific activity 180-240 
Ci/mmol. were from du Pont de Nemours (Firenze. Italy). 

fMLP and cytochalasin B were di.ssolved in DMSO at concentrations of 50 
and 100 mM, respectively, stored at -20" C and diluted in isotonic saline just 
before use. Eglin C was dissolved in saline at concentration of 100 mg/ml just 
before use. Cathepsin G was dissolved in saline at concentrations of 20 p,M and 
stored at -20" C until used. 

Mouse anti P-selectin monoclonal antibodies GE12 (F(ab)} fragment) (24) 
and AC1.2 (16) were kindly provided by Dr. B. Furie (New England Medical 
Center Hospitals. Boston. MA). 

Preparation of Washed PMN and Platelets 

Blood was collected from healthy volunteers who had not received any me- 
dication for at least two weeks, anticoagulated with trisodium cimtte (0.389b 
final concentration). Platclet-rich plasma (PRP) was prepared by ccnlrifugation 
of whole blood at 200 Xg for 15 min. PMN were isolated from the remaining 
blood by Dextran sedimentation, followed by Ficoll-Hypaque gradient and 
hypotonic lysis of erythrocytes. PMN were washed and rcsuspcndcd in Hepes 
Tyrode buffer (pH 7.4) containing: 129 mM NaCl, 9.9 mM NaHCOj. 2.8 mM 
KCI, 0.8 mM KHjPOj, 0.8 mM Mga2-6H20. 5.6 mM Dextrose. 10 mM 
Hepes and 1 mM CaCI}. Cellular suspensions contained ^95% of PMN and an 
average of 1-2 platelet/ 100 PMN was usually observed. 

Washed platelets were prepared by cenuifuging PRP at 1,1()0X g for 15 min 
after addition of 1 ^M of PGE,. The pellet was then resuspended in Hepes 
T>Tode coniainingl ^M PGE, and 5 mM EGTA and centrifuged at 1.100 X g 
for 10 min. Platelets were then resuspended in Hepes Tyrode at a concentration 
of 5 X 10"/ml and kept at room temperature during the experiment. 

Experimental Procedures 

Platelets (10*/ml) and PMN (lOVml) were incubated in a final volume 
of i ml of Hcpcs Tyrode (pH 7.4) containing 0.38 mg/ml fibrinogen and 
2i p.g/ml cytochalasin B in a Chrono-Log aggregomctcr for 2 min at 37" C 
under constant stirring at 1.000 rpm before addition of fMLP (1 \iM). In the ex- 
periments in which anii-P-selectin antibody was used. GE12 was prcincubatcd 
with platelets ai a concentration of 30 jtg/5 X 10* platelets/ml Cell aggre- 
gation was recorded as increase in light transmission and expressed as percent 
of the maximal light irdnsmission. Platelets were also activated by PMN-dc- 
rived supematants (30 s at 14.000 rpm in an Eppendorf cenuifuge) prepared 
1 min after fMLP stimulation (7). The reaction was stopped 3 or 30 min after 
addition of (he stimulus, samples cooled to 0° C for 15 min and centrifuged in 
an Eppendorf centrifuge; supematants were collected for further assays. 

Cathepsin G activity in PMN supematants was determined by continuous 
monitoring of the specific chromogenic substrate N-succinyl-Ala-Ala-Pro- 
Phe-p-nitroanilidc (Sigma Chemical Co., St. Louis, MO) hydrolysis, as de- 
scribed (7). 

Platelet serotonin (5-HT) release. Preparation of ^H-5-HT-labcled plalelets: 
PRP was incubated with 0.1 ptCi/ml of ''H-5-HT. at room temperature for 
30 min. Plaielets were ihcn washed following standard procedure described be- 
fore. Scintillation counting of 50 ^1 of PRP compared to 50 )l\ of platclci-poor 
plasma was carried oui for measurement of uptake, which was about 90%. 
Release of radioactive 5-HT from ^H-5-HT-labeled platelets was evaluated 
in supematants of s;imples of platelets activated in mixed cell suspensions or 
by PMN-dcrivcd supcmaianis. The reaction was stopped by adding EGTA 
(5 mM f. c.) and piirdCDrnialdchyde (1% f. c.)^ followed by rapid centrifiieaiion 
at 14.000 X g fur 2 min. In preliminary experiments performed in the presence 
of imipramine (2.5 (u blai 5-HT uptake. ^H-5Ht release was noi (Hi- 
ferent from thai ohtiimeil in controls. For this reason in the expcrimLins 
reported, imipnimino fuu used. ^H-5-HT release was expressed as of ihi- 
total platelet cunictn 



Cytojluorimetric Analysis 

Unstimulated platelets (10^/ml) and plaelets activated by cathcpsif)G 
( 10-200 nM) for I min at 37" C without stiitiiig were fixed ovenught in 1% 
paraformaldehyde. Fixed platelets were then washed dute limes, resuspended 
in Hepes Tyrode buffer and used for cytofluorimctric analyas. Fixed platelets 
were incubated with or without ACl .2 (ascites, 1 :S00 final dilution) for 30 min 
at room temperature, then washed twice in Hepes Tyrode. Samples were then 
incubated with anti-mouse FTTC-conjugate IgG (20 (tg/ml) for 30 min in the 
dark at room temperature, washed twice and resuspended in 500 ^1 of Hepes 
Tyrode buffer and analyzed by FACScan flow cy tomctcr (FACSTAR. Beckcon 
and Dickinson) storing data in list mode files. Delennihation of the percentage 
of platelets expressing P-selalin labeling was performed using a tlveshold set 
obtained with platelets treated only with anti-mouse FTFC-conjugate IgG. 
Platelet mean P-selectin labeling was expressed as mean fluorescence in arbi- 
trary units. 

Determination of AA Metabolites Formation by Radioimmunoassay (RIA) 

Supematants from mixed cell suspensions or from platelets activated by 
PMN-derived supernatant, were ultrafiltcred with Centricon 3 (Amicon) to re- 
move proteins before RIA. TxB^ wa.s measured using an antiserum kindly pro- 
vided by Prof. C. Patrono (G. D'Anriunzio University, Chicli, Italy) (9). LTC4 
was quantified using a specific (1.6% cross reactivity with LTD4 and 0.06% 
cross reaaivity with LTEJ commercial kit from Amcrsham Life Science 
(Amity S. r. 1.. Milano. Italy). The detection limit of RIAs was 50 and 80 pg/ml 
of incubate for TxBj and LTC4. respectively. Values are reported as ng/ml of 
incubate. 

Determination of SH-AA Metabolites Formation by HPLC 

Preparation of^H-AA^labeled PMN, Suspensions of PMN (3 X lOVml) in 
Hepes Tyrode buffer were incubated (45 min, 37* C) with 0.25 fiGi/m) of ^H- 
AA, washed t^icc and resuspended in Tyrode buffer. 

Preparation of ^H-AA-labeled platelets. Washed platelets were resuspended 
(2 X 10^ platelets/ml) in a Tris buffer (Tris63nM; NaQ 95 mM; KO 
5 mM; citric acid 12 mM. glucose 5.5 mM; fatty acid free bovine serum albu- 
min 0.01%. pH 6.5) and incubated (45 min. 37" C) with I (iCi/ml of ^H-AA. 
washed iwic^ in the presence of PGE, and suspended in Hepes Tyrode. 

Preparation of samples. Experimental conditions and stimulation of 
samples of ^H-AA-labelled PMN or ^H-AA-labeled platelets were identical 
10 those used with unlabeled cells. Reaction was stopped by addition of 
2 volumes of iced acetone. Samples were kept at -20" C for 15 min, centri- 
fuged at 3,000 ipm (30 min. at -4** C), the clear supematants acidified to 
pH 4.5 with formic acid. Lipids were extracted twice with 2 vohmies of chloro- 
form and organic phases were evaporated under N2 stream. Dried residues 
were dissolved in 100 ^1 of methanol: acetonitrile (1 : 1; vol: vol) immediately 
before HPLC analysis (2). The radioactivity recovered from samples through 
lipid extraction and HPLC was 59 ± 7% (mean ± SD; n = 3). 

HPLC. The apparatus consisted of a liquid chromatograph (Beckman 
System Gold), equipped with a Diode Array Detector module 168 and a 5 p.m 
reversed phase column (Nudeosil RP-I8, 25 cm X 4.6 nun 1. d., Chrompack. 
Mildebourg. The Netherlands). The methods used were modified from Powell 
(25) and Tordjman et al. (26). 

Determination of ^H-TxBj. The mobile phase consisted of 50 mM 
NajHPO^iCHjCN (62.5:37.5; vol: vol. pH5.1). Elution was performed at 
isocratic conditions in a single run of 30 min (flow rate 1 ml/min. Standards 
and samples were revealed at 205 nm. -^H-TxB^ was used as authentic standard. 
The eluale, collected in fractions of 24 $ each, was counted for radioacivity. In 
plalelet/PMN samples activated in ihc absence of GE12 (control), the radio- 
activity elated with the same retention time 1 16 min) of authentic ^H-TxBj 
was 28.0 ± 7.4% (mean ± S. D.; n = 3) of total radioactivity eluted from 
HPLC (9). 

Determination of^H-LTC^. Immediiitcl) K^fore HPLC injection, authentic 
standard of LTC4 (100 ng) was added lu s:in!p!cs. The mobile phase consisted 
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Table I Txfi} and LTQ production by mixed cell suspciuions and.cathepsin 
G release by PMN challenged with different concentrations of fMLP 

fMLP TxBj LTC4 Caihepsin G 



M ng/ml ng/ml nM 





0.9 


<0.8 


<10 


10^ 


1.0 


<0.8 


<I0 




1.1 


<0.8 


30 


10-' 


13.0 


0.93 


139 


10* 


32.4 


1.72 


248 



Data are means of two different experiments performed in duplicate. Cells 
( I0» platelcis/iO' FMN/ml for TxBj and LTC4 production and 10' PMN/ml for 
cathepsin G release) were stimulated by fMLP in the presence of 2i ^g/ml 
cytochalasin B and 0.38 mg/ml Fibrinogen. Stimulus was added after 2 min 
stirring at 37** C and the reaction stopped at 3 min. For further details see 
Materials and Methods. 
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Fig. I P-seleclin expression on cathepsin G-actJvated platelets. P-selectin- 
dependent fluorescence of platelets challenged with increasing concentrations 
of cathepsin G was delcnnined by FACS (sec Materials and Methods). Mean 
platelet fluorescence is expressed in arbiU'aiy units (mean and SD of 3 experi- 
mcnLs). P-selectin expression by thrombin^activated platelets was measured 
for comparison. Platelets activated with 0.5 U/ml of thrombin express mean 
fluorescence corresponding to 157 ± 84 arbitrary units (mean ± SD; n = 5). The 
insert shows representative tracings of cyiofluorimetric analysis of platelets ac- 
tivated by different conccnlraiions of cathepsin G (0. 25. 50, 100, 200, 400 nM) 



of: CH30H:CH3CCX)H 0.1%:CH3CN (56.5: 33: 10.5: vol: vol: vol). Eluiion 
was performed at isocratic conditions in a single run of 30 min (flow rate 0.5 
ml/mio). The absorbance of the column efDueni was monitored ai 280 nm, and 
LTV spectra were recorded every 2 s. ITie eluate. collected in fractions of 24 s 
each, was counted for radioactivity determination. The radioactivity eluted with 
(he same retention time (9.4 min) of the peak .showing the UV absorption spec- 
trum of standard LTC4 was considered as ^H-LTCj. In platclcl/PMN samples 
activated in the absence of GEI2 (control) the rddioaaivity identified as 
HI-LTC4 corresponded to 22.7 ± 9J% (mean t S. D.: n = 3) of total radio- 
activity eluted from HPLC. 

Statistical Analysis 

Data, reported as means and S. D., were analywd by paired Student 's-t-test. 
Medians with 25''-75' percentile (pic) were rcponcii. w hen the sample distrib- 
uitoii was not normal. In this case, statistical ajiaivsis has been performed by 
Wilcoxon signed-rank test. 
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Results 

TjcBj and LTC^ Production in PMN/Platelet Mixed Cell Suspensions 
Challenged with fMLP: Role of Cathepsin G 

Under the experimental conditions used in this .study, PMN/platelei 
mixed cell suspensions challenged with fMLP produced average am- 
ounts of 37.1 ng/ml of TxBj (median = 30.7; 23.3-49.2; 25*'-75° pic; 
n = 1 3) and of 2. 1 ng/ml of LTC4 (median = 2.4; 0.8-2.7; 25M5*' pic; 
n = 1 7). When platelets were challenged with supemaiams of activated 
PMN, TxBj production was reduced to about 50% of that produced by 
mixed cell suspensions, according with previous results (9), while 
LTC4 was below the detection limit of the assay (80 pg/ml). PMN and 
platelets challenged alone with IMLP did not produce detectable am- 
ounts of either metabolite. In few experiments PMN alone produced de- 
tectable LTC4, attributed (0 the presence of high number of basophils 
and eosinophils in the PMN preparation, which can indeed generate 
LTC4 by themselves. These experiments were not considered in the 
final evaluation. 

TxBj and LTC4 production in mixed, cell suspension was dependent 
on the concentration of fMLP adided and correlates with the amount of 
caihepsin G released by PMN challenged with the same concentraljon 
of agonist (Table 1). 

Similarly to what already observed in respect to TXB2 iranscellular 
metabolism in this system (9), the impoitance of cathepsin G-induced 
platelet activation on LTC4 production was also shown. LTC4 produc- 
tion was measured by RIA in mixed cell suspensions activated by 
fMLP in the absence or the presence of 1 mg/ml of eglin C, a cathepsin 
G inhibitor. Eglin C significantly (p = 0.001, by Wilcoxon test) reduced 
LTC4 from average control of 3.10 ng/ml (median 2,65; 0.65-3.50, 
25*'-75** ptc) to 0.98 ng/ml in eglin C-pretreated samples (median 0.25; 
0.10-1.40, 25**-75*' ptc), indicating that cathepsin G has an important 
role in this PMN/pIatelet cooperation. Eglin C neither modified AA-in- 
duced platelet TxB, production (9) nor fMtP-induccd LTB4 production 
by PMN (not shown). 

P-Selectin Expression by Cathepsin G-Activated Platelets 

and Inhibition of Mixed Cell Aggregation by Anti-P-Selectin Antibody 

As reported in Fig. I, cathepsin G at concentrations in the range of 
those released by fMLP-aciivated PMN (7) stimulated P-selectin ex- 
pression on platelet surface in a concentration-dependent manner. 

fMLP-induced mixed cell aggregation was significantly reduced by 
GEI2, a F(ab)2 fragment of a monoclonal antibody against P-selectin, 
platelet 5-HT release being unchanged (Fig. 2, panel A), This antibody 
did not inhibit homologous platelet aggregation and platelet 5-HT re- 
lea.se stimulated by PMN-derived supematants (Fig. 2. panel B)^ GE12 
did not affect fMLP-induced PMN homologous aggregation (not 
shown). 

These data indicate that the inhibitory effect of GE12 on mixed cell 
aggregation is due to the inhibition of PMN-plaielet.adhesion mediated 
by P-selectin, maximally expressed on platelets activated by PMN- 
derived cathepsin G. 

Role of P-Seleain-Mediated PMN/Platelet Adhesion in TxB, 
andLTC^ Tratiscellular Metabolism 

Production of TxB, and LTC4 in mixed cell .suspeasitms siiiiiuhued 
by fMLP in the absence or presence of GEI2 was evaluated by specific 
RlAs. Synthesis ul 'H-TxBj in -^H-AA-labeled PMN/unlab^-Ld pti.ic- 
leis and^H-LTC. in unlabeled PMNA^H-AA-labeled platclcis. chiillonc- 
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Fig, 2 Inhibition by GEI2 of mixed PMN/plaielcl aggregauon. fMLP-in- 
duced PMN/plaiekl aggregation (panel A) and platelet aggregation induced by 
PMN^crived supernatant (panel B) in the absence (white bars) and in the 
presence (black bars) of GEI2. PlaieleU (10^/ml) and PMN (lOVml) were 
incubated in the presence of fibrinogen (0.38mg/ml) and cytochalasiri B 
{2J5 [Lfjft^i Arrows indicate addition of fMLP (1 jiM) to mixed cell suspen- 
sions (panel A); supernatant (30 s at I4»000 rpm in Eppcndorf centrifuge) from 
PMN activated with I \iU fMLP for 1 min in the presence of fibrinogen 
(0.38 mg/ml) and cyiochalasin B (2i jig/ml) was added (arrows) immediately 
after preparation to platelets preincubatcd at 37** C (panel B). The cellular ag- 
gregation was measured as percent of light transmission and reported both as 
representative curves and as bars indicating the percentage of light transmis- 
sion at 3 min after addition of the stimulus (means and SD; n = 15 and n = 5 for 
panel A and B, respectively). *p = O.OJ by Wilcoxon test 5-HT release (percent 
of total content) in the same samples is reported as means ± S. D. 



cd with fMLP in the absence or presence of GE12, was evaluated by 
HPLC. 

TxBj production in mixed cell suspensions stimulated for 3 min by 
fMLP was significantly (p = 0.01 by Wilcoxon test) reduced from 
mean 37.1 ng/ml in controls (median = 30.7; 23.3-49.2. ptc; 
n = J 3) to 20.7 ng/ml in the presence of GE12 (median = 16.4; 
8.9-27.5. 25*'-75° ptc; n = 13; Fig. 3. panel A). A similar inhibitory ef- 
fect was observed in samples stimulated for 30 min: 66.6 ± 10.9 and 
44.4 ± 9.1 (means ± SD, n =: 3) ng/ml of TxBj were measured in the 
absence or in the presence of GE12. respectively. 

According with previous data (9), when ^H-AA-labelled PMN/ 
unlabeled platelets were challenged with fMLP, ^H-TxBj was formed. 
Tracings related to TxBj are scattered over a wide retention lime, both 
in biological and standard radioactive samples, as previously observed 
also with non radioactive standard (9). The HPLC profile of radioac- 
tivity obtained with ^H-labeled PMN after fMLP challenge in the ab- 
sence of platelets did not show any peak with the retention time of 
TxB,. Radioactivity identified as ^H-TxBj in ^H-AA-labeled PMN/ 
unlabeled platelets was significantly reduced (p cO.OOi. n = 6) to 
37 ± 12% (mean t S. D.) of the control (Fig. 3, lower panel B). In con- 
trast, the antibody did not modify TxBj synthesis by platelets activated 
by PMN-dcrived supematants (24.3 ± 7.5 ng/ml in the absence versus 
22.1 ± 15.0 ng/ml in the presence of the antibody; n = 3). 

Similarly to TxB,, LTC4 production measured at 3 min after stimu- 
lation was significanlly (p = 0.01 by Wilcoxon test, n = 17) reduced 
from 2.1 1 ng/ml (median = 2.4; 0.8-2.7, 25M5° ptc) in control sam- 
ples to 1.07^ng/ml in GEIMreated samples (median = 1.0: 0.3-1.7, 
25*'-75° ptc; Fig. 4. panel A). LTC4 measured in 30 min-siimulated 
PMN-plaicici suspen.sions remained reduced in GE12-ircaicd samples 
in respect to the controls (0.96 ± 0.03 versus 2.1 1 ± 0.08 ng/ini: means 
± SD, n = 31 HPLC analysis of radioactivity showed symhesis of 
3H-LTC, in siimpies of unlabeled PMN/^H-AA-iahda! platelets 




Retention Time (min) 

Fig. 3 Inhibition by GE12 of TXB2 production in mixed cell suspensions chal- 
lenged with fMU. 

Mixed cell suspensions of platelets (lO^/ml) and PMN (lOVml) were incubated 
in the presence of fibrinogen (0.38 mg/ml) and cytochalasin B (2.5 jig/ml) 
2 min before stimulation with fMLP ( 1 jtM). Panel A: TxBj production (mca.v 
ured by RIA) was determined in fMLP-stimulaied PMN-platelet suspensions in 
the absence (white bars) and in the presence (black bars) of GE12. Reaction 
was stopped 3 min after stimulus, samples centrifuged and proteins removed by 
filu^lion. Figures are means and S. D. of 13 different experiments and are sig- 
nificantly different (*p = 0.01 by Wilcoxon lest). Panel B: ^H-Txbj production 
(measured by HPLC) was detenraned in fMLP-slimulated 'H-AA-labeled 
PMN/unlabeled platelet suspensions in the absence (white bars) or in the pres- 
ence (black bars) of GE12. Reaction was stopped by addition of 2 volumes of 
iced acetone. Samples were kept at -20** C for 15 min, centrifuged at 3,000 rpm 
for 30 min at C, supematants were acidified to pH4.5 with formic acid, 
lipids extracted twice with 2 volumes of chloroform and organic phases evapo- 
rated under N2 stream. Dried residues were dissolved in 100 pJ of methanol: 
acetonitrile (1:1, vol: vol) and injected into HPLC. Bars indicate the radioac- 
tivity contained in the fractions corresponding to the retention time (16 min) 
of the peak of standard ^H-TxB, (top of panel B) and are representative of 
6 different experiments. Radioactivity identified a.s TxBj was significantly 
(p <0.001 by paired Studcnt*s-i-ie$t} reduced by 63 ± 12% in samples incubat- 
ed in the presence of GEI2 in respect to controls. For further details see Mate- 
rials and Methods and Results 



challenged with fMLP, but not in samples of 'H-AA-labeled platelets 
challenged with supernatant \'rom fMLP-activated PMN. The radio- 
activity identified as ^H-LTCj was reduced to 31.5 ± 17.0% of control 
(p <0.00l; n = 3) in GEI2-trea!ed samples (Fig. 4. panel b). 
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Fig. 4 Inhihition by GE12 of LTC4 produciion in mixed cell suspensions 
challenged with fMLP. Mixed cell suspensions of platelets (10"/ml) and PMN 
(lOVml) were treated as described in Fig. 3. Panel A: LTC4 production (meas- 
ured by RIA) was dclennined in fMLP-siimulatcd PMN/piaielet suspensions in 
the absence (white bars) or in the presence f black bars) of GE12. Figures are 
meaas and S. D, of 17 different experiments performed in triplicate and are 
significantly different (*p = O.OJ by Wilcoxon test). 
Panel B: ^H-LTC^ produciion (measured by HPLC) was determined in fMLP- 
stimulated unlabeled PMN/'H-AA-labeled platelet suspensions in the absence 
(white bars) or in the presence (black bars) of GEI2 and in "^H-AA-labeled 
platelet suspensions challenged with supernatanis from fMLP-activated PMN 
(grey bars). Reaction was stopped and samples treated as described in Fig. 3, 
Dried residues were dissolved in 100 jil of methanol: accionilrile (1:1; vohvol) 
and authentic LTC4 was added to radioactive samples. Bars indicate radioac- 
tivity identified as ^H-LTC^ in the fractions eluied with the same retention time 
(9.4 min) of the peak of authentic LTC4 (top of panel B). Bars are represen- 
tative of 3 different experiments. Radioactivity corresponding to LTC4 was 
significantly (p <0.001 by paired Student's i-tesi) reduced by 68i ± 17.3% 
in the presence of GE12 in rcspeci to control. For further details see 
Materials and Methods and Results 



Release of AA. separated by TLC (9). from ^H-AA-Iabeled cells 
(plalelels or PMN) in mixed cell suspensions challenged with fMLP 
was not significantly modified by prevention of PMN/pIatclet adhesion 
(not shown). 

In preliminary experiments the anti-P-selectin monoclonal antibody 
AC! .2, devoid of function inhibitor ciTeci (16, 28). did not reduce 
TxBj, nor LTC4 synthesis in mixed cell suspensions (not shown). 

These data indicate that the inhibitor)' effect of GE12 on TxB, and 
LTC4 production in mixed cell populations depends on the prevention 
of AAand LTA4 exchange betwci-n PMN and platelets as a conse- 
quence of the inhibition of P-selcci in cle pendent cell-cell adhesion. 



Discussion 

In the experimental model used in this study PMN, specifically 
activated by fMLP, release cathepsin G, that subsequently stimulates 
platelet aggregation, AA metabolism, release reaction of dense bodies 
(4,6-9). 

After addition of fMLP to mixed cell populations a tight membrane 
to membrane adhesion between PMN and plalelels was observed at 
electron microscopy during the formation of giant mixed aggregates 
(7). In a previous study (9) wc reported that in this system AA may be 
transferred from PMN to platelet increasing platelet TXB2 production 
and suggested a ptwsible role of cell adhesion in modulating this one- 
way phenomenon. In die present study, we have preliminarily extended 
this observation to the bidirectional transcellular metabolism of LTC4, 
In agreement with recent data (1 1, 12), we have shown that 3H-LTC4 
was produced in mixed unlabeled PMN/^H-AA-labeled platelet popu- 
lation stimulated by fMLP, indicating a double exchange: AA transfer 
from cathepsin G-aciivated platelets to fMLP-activated PMN and sub- 
sequent LTA4 transfer from. PMN to platelets. LTA4 is transformed in 
LTC4 by platelet glulathione-S-transferase (10, 27). 

It has been suggested that P-selectin-mediated PMN-platelet adhe- 
sion may result in the formation of a sequestered microenvironment 
between cell membranes (28). This concept prompted us to investigate 
the possible role of P-selectin in the production of TxB, and LTC^ 
resulting from AA transcellular metabolism between adhering PMN 
and platelets. 

In the experimental conditions used to study AA metabolism by 
PMN-platelet mixed suspensions, cathepsin G was able to increase 
P-selectin expression on platelet surface. The use of an antibody against 
P-selectin (GEI2) in fMLP-trealed PMN/platelet suspensions substan- 
tially reduced mixed cell aggregation, despite cathepsin G release from 
PMN (28) or platelet activation (monitored as serotonin release) were 
not modified. 

The prevention of P-selectin-medialed PMN/platelet adhesion by 
the antibody GE12 resulted in a significant reduction of immuno- 
logically reactive TxB^ synthesis. In parallel, ^H-TxB, in -^H-AA- 
labeled PMN/unlabeled platelets was also reduced by the inhibition 
of P-seleciin-medialed PMN/platelet adhesion. This indicates that 
A A transfer from activated PMN to platelets, contributing to 
TxB, synthesis, may be modulated by P-selectin-dependent cell-ceJI 
contact. 

Similarly, immunologically reactive LTC4 production was strongly 
reduced by GEI2 as well as the formation of -^H-LTCj in mixed 
samples of unlabeled PMN/^H-AA-Iabeled platelets stimulated with 
fMLP. 

As already reported for TxBj synthesis (9). cathepsin G-mediated 
platelet activation was also an essential step for LTC4 transcellular. 
metabolism in this experimental model as indicated by the inhibitory 
effect of eglin C, a cathepsin G inhibitor, on LTC4 production. 

Activated platelets represent an important source of free AA which 
is only panially utilized by platelets themselves to synthesize I2-li- 
poxygenase and cyclooxygenase metabolites. Part of AA from acti- 
vated plalelels can be utilized by adjacent activated PMN via 5-lipoxy- 
genase. This is a cytosolic enzyme in resting PMN and is rapidly trans- 
located 10 membrane after activation (29); this position would favor the 
utilizaiiun of A A provided by platelets and the export of LTA4 to plate- 
lets for tiinher metabolism. 

In ihi.s way plalelels significantly contribute lo the synthesis of 
LTA,. ihc precursor of LTB4 in PMN (30. 3 1 ) and of LTC\ i U . 1 2) and 
lipoxins in p!;iieleis (1 1, 32). 
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Inhibition of cathepsin G (the major platelet agonist in this model) 
not only prevents AA release from platelets, that contribute K> LTA4 
synthesis, but also P-selectin expression, that is required for optimal 
AA cooperative metabolism. 

LTA4, produced by activated PMN, can be transfomied to LTC4 by 
platelet glutathione-S-transferase or to lipoxins by 12-Iipoxygenase or, 
when not taken up by platelets, non enzymatically converted into 
LTB^-isomers. 

A full understanding of the mechanism($) by which prevention of 
cell-cell adhesion reduces LTC4 production, would require further 
studies taking into account all these metabolites. However, the most 
probable explanation for the G£12-dependent inhibition of LTC^ is 
that, by* preventing P-seleciin-mediated membrane. _tp^ membrane 
contact, optimal conditions are removed for transfer of both AA from 
platelet to PMN and LTA4 from PMN to platelet 

This conclusion is also supported by the recent observation that 
PMN-cndothelial cell LTQ u^nscellular metabolism is reduced by 
blocking cell-cell adhesion (14). Our study extends this previous obser- 
vation, being, at the best of our knowledge, the first report showing that 
PMN-platelel interaction via P-seleciin plays a role in LTC4 coopera- 
tive sjfnthesis.^ 

LTC4 and TxBj are two of the most potent vasoconstrictors, pro- 
duced during PMN/piatelet interactions. Recently leukocyte accumula- 
tion at the site of platelet thrombus was shown to be prevented in vivo 
by anti P-selectin antibody (24). This observation supports the hypo- 
thesis that P-selectin-dependent PMN/platelct adhesion could be a 
mechanism localizing PMN/platelei metabolic interaction in vivo. 
However, very few data (14) are available at the momeni demonsu^aling 
the obvious hypothesis that cell-cell adhesion through specific ad- 
hesion molecules could create optimal conditions for metabolic co- 
operation. AA transcellular metabolism is a well known cooperative 
phenomenon probably playing a significant biological role in several 
physiopathological situations including inflammatory, pulmonary and 
cardiovascular diseases (33). 

In conclusion, when under suitable conditions PMN are activated by 
fMLP and platelets by subsequently PMN-released cathepsin G, stable 
PMN/platelet contact occurs which is, at least in pan, a consequence of 
the expression of the specific adhesion molecule P-seleciin. Although 
we cannot exclude a role for other possible adhesive proteins, such as 
fibrinogen (34) and thrombospondin (35), data reported in this paper in- 
dicate for the first lime that P-selectin-mediated PMN-pIatelet contact 
may facilitate the transcellular metabolism of AA resulting in increased 
production of TxBj and LTC4. 
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Diiferential Roles of Selectins and the Q:4-lntegrin in Acute, 
Subacute, and Chronic Leukocyte Recruitment In Vivo 



Brent Johnston,^* Ulrike M. Walter/ Andrew C. Issekutz/ Thomas B. Issekutz,* 
Donald C. Anderson,^ and Paul Kubes^'^* 

AHhP.ion blockinfi mAbs specific for rat E-, and L-selectin and the a,-integrin were used to characterize leukocyte recruit- 
Adhesion ."^^^^^^ [p5 (subacute), and adjuvant-induced (chronic) inflammation. Intravital micros- 

edt7^^^^^^^ in leukocyt^rolling (66.8 ± 3.8 vs 18.2 ± 3.2 cells/min control) that was --P'^lj^r^^^^ 
an anti-rat P-selectin mAb. Superfusion with 1 ^g/ml LPS induced a significant increase in leukoc^e ^^^r^''^? 
8 vs 33 * 6 cells/min control). Rolling increased further starting at 105 mm and peaked by 150 mm (141 ± 23 cells/mm). 
fpS induced leukocyte rolling was eliminated during the first 90 min by the P-selectin mAb. The ater increase m leukocyte 
Lm^^^^^^^ by a^econd treatment with P-selectin mAb or a function-blocking mAb against rat -se ectin. This later 

ph se oHe^^^^^^^ rolling was blocked by treatments with mAbs against either the «.-tegrm or ^-'f .^^^^^^^ 
foirwing A^ycobacrer/um bufyr/cum immunization, 300 to 500 rolling cells/min were observed. Thu; could be ^^d"^^** ^^O ^ 
6(^orby mAb against either the a,-integrin or L-selectin. The combination of both mAbs eliminated -90% of roU.ng. Neither 
fhV; Lr E sele^^ mAbs reduced rolling in this chronic inflammatory model. This study highlights differences in eukocyte 
adhesive mechanisms elicited by different stimuli and at different time points within the same vascular bed. The ,ournal of 
/mmuno/ogy, 1997, 159: 4514-4523. 



The recruitment of leukocytes from the blood to the ex- 
travascular space is an important defensive response to 
foreign pathogens and tissue injury, but has also been 
implicated in the pathology of various inflammatory disease states. 
A sequential cascade of leukocyte-endothelial cell adhesive inter- 
actions appears to be essential for the efficient recmitment of leu- 
kocytes to sites of inflammation (1-6). This multistep process is 
initiated by the selectin family of adhesion molecules (CD62^, 
CD62''. and CD62^). which tether leukocytes to the endothelium 
and mediate weak u-ansient interactions that manifest as leukocyte 
rolling. Rolling leukocytes may then adhere firmly to the endothe- 
lium via /32-integrins (CDl 1/CX>18) and emigrate from the vessel. 
More recently an alternative recruitment pathway has been char- 
acterized in which the a^-iniegrin (04^, and a^^) can mediate 
both the rolling and adhesion steps of the recruitment cascade (7- 
13). Human lymphocytes will tether, roll, and adhere via the 04- 
integrin under laminar flow conditions in vitro (8. 9. 1 1 ). Leuko- 
cytes will also roll and adhere in vivo via the a4-integrin (12), 

Although there have been many studies characterizing the roles of 
leukocyte adhesion molecules in the recruitment of inflammatory 
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cells, the role of each adhesion molecule in different types of inflam- 
mation is unclear. Studies have been conducted in different species 
(rat, mouse, cat, rabbit, human) and tissues (mesentery, skeletal mus- 
cle, lymph node, liver), using different reagents (Abs. drugs), and 
different protocols (myeloperoxidase assay, radiolabeled cells, inua- 
vital microscopy). These factors have made it difficult to ascertain the 
role of the various adhesion molecules in different inflMTwn^gysit- 
ualions within the same microvascular bed. and l6^eVaffttefl!Khi- 
versality of the current leukocyte recmitment paradigm. 

The objective of this study was to systematically characterize 
the role of the selectins and the a4-integrin in mediating leukocyte 
recruitment under short-term acute (V h), longer-term subacute 
(3 h), and chronic (12 d) inflammatory conditions. Inu-avital mi- 
croscopy was used to examine the adhesion molecules mediatiiig 
leukocyte-endothelial cell interactions in rat mesenteric postcapil- 
lary venules during: 1) acute inflammation induced by LTC4; 2) 
subacute inflammation using an LPS-induced model; and 3) 
chronic inflammation with vasculitis following immunization with 
Mycobacterium butyricum. Novel Abs developed in selectin-defi- 
cient mice against P-selectin and E-sdlectin were used in this study 
as well as previously described Abs against L-selectin and the; 
a4-integrin. The findings of this study demonstrate significant dif- 
ferences in the contributions of P-. iE-. and L-selectin and the 04- 
integrin to leukocyte rolling and adhesion under different inflam- 
matory conditions in the same vascular bed. Additionally, the data 
raise the possibility that another molecule exists that may recruU 
rolling leukocytes under baseline conditions and in chronically in- 
flamed microvessels. 



m 



Materials and Methods 

Intravital microscopy 
Male Sprague-Dawley rats (160-220 g) were maintained on a purifi^ 
laboratory diet and fasted for 18 to 24 h before surgery. Animals ^ 
anesiheiized wiih an i.p. injection of sodium pentobarbiiol (55 mg/kg booy 
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v^eight)- The righl carotid artery was cannulated to measure systemic ar- 
jerial blood pressure (model P23XL pressure transducer Viggo-Spcc- 
tnimed. Oxnard, CA; and model 7 physiologic recorder Grass Instruments 
Co.. Quincy, MA), while the right jugular vein was cannulated to admin- 
ister Abs and maintain anesthetic. Following laparotomy, rats were placed 
in (he supine position on an adjustable Plexiglass microscope stage and a 
segment of the mid-jejunum was exteriorized and prepared for intravital 
niicroscopy as previously described (12. 14-16). 

The mesenteric preparation was observed through an intravital mi- 
croscope (Optiphot-2, Nikon Inc.; Mississauga, Canada) with a X25 
objective lens (Wetzlar L25/0.35; E. Lcitz Inc., Munich, Germany) and 
a XlO eyepiece. A video camera (model 5100 HS; Panasonic, Osaka, 
Japan) mounted on the microscope projected the image onto a color 
monitor (model PVM 2030; Sony, Tokyo. Japan), and the images were 
recorded using a videocassette recorder (model AG- 1790; Panasonic) 
for subsequent playback analysis. The final magnification of the image 
on the monitor was xlSOO. Single unbranched mesenteric venules 
(25-50 ^Tfi in diameter) were selected for study. The same section of 
venule was observed throughout the experiment to control for variations 
between different regions. Vcnular diameter was measured on-line us- 
ing a video caliper (Microcirculation Research Institute, Texas A&M 
University, College Station, TX). Ccnteriine RBC velocity was also 
measured on-line using an optica! Doppler velocimetcr (Microcircula- 
tion Research Institute, Texas A&M University). 
. The number of rolling and adherent leukocytes was determined off-line 
diiring video playback analysis. Leukocytes were considered adherent to 
the vcnular endothelium if they remained stationary for a period of time 
equal to or exceeding 30 s. Rolling leukocytes were defined as those white 
blood cells that moved at a velocity less than that of erythrocytes within the 
same vessel. The flux of rolling leukocytes was determined as the number 
of white blood cells that rolled past a fixed point in the venule during a 
1-min interval using frame-by-frame analysis. Leukocyte rolling velocity 
was calculated from the average time required for 15 randomly selected 
leukocytes to travel along a 100-/im venular segment. Leukocyte emigra- 
lion was measured as the number of extravascular leukocytes observed 
within the field of view (275 X 190 /un). 

Monoclonal Abs 

New function-blocking Abs to rat P-selectin (RMP-1, IgGa. isotype) 
arid m E-selectin (RME-I. IgG| isotype) were examined in this study. 
These Abs bind to rat P-selectin and E-selectin. respectively, and block 
leukocyte adhesion to these ligands in vitro (17, 18). In preliminary 
experiments, the optimal concentration for RMP-1 in vivo was 0.5 mg/ 
rat i.v. (2.0-2.5 mg/kg). The anti-rat E-selectin mAb (RME-I) was also 
used in our experiments at 0.5 mg/rat i.v. (2.0-2.5 mg/kg). The anti 
L-sclectin mAb HRL-3 (F(ab)2 fragments) was used at 1 mg/kg i.v. as 
previously reported (12). The anti-a4-integrin mAb TA-2 (IgG, isotype) 
was used at 4 mg/kg i.v. as previously reported (12). A nonblocking 
anti-rat P-sclectin mAb RP-2 (IgG, isotype) was used as a control (2.5 
mg/kg i.v.). These Abs were used at optimal concentrations based on 
previous dose-response studies. 

LTC^-induced leukocyte recruitment 

We have previously established a model of low baseline leukocyte traf- 
ficking to exaniine acute leukocyte recruitment in vivo (14-16). Some 
preparations were supcrfiised continuously with 20 nM LTC4 (Cayman 
Chemical Co., Ann Arbor, MI) following an initial 5-min baseline record- 
ing. This protocol has been shown previously to rapidly increase leukocyte 
trafficking through mesenteric venules (15). Fifteen minutes after initiating 
LTC4 superfusion, animals were treated i.v. with Abs against P-sclectin, 
E-selectin, or the a4-inicgrin- Leukocyte trafficking was followed for 45 
min after Ab administration. 

LPS-induced leukocyte recruitment 

Control preparations revealed little or no change in hemodynamic param- 
eters or leukocyte kinetics over a 180-min experiment. After an initial 
5-min baseline recording, some preparations were superfused with buffer 
containing 1 ^g/ml LPS (Escherichia coli serotype 0127:B8; Sigma Chem- 
ical Co., St. Louis, MO). This dose of LPS has been shown previously to 
elicit leukocyte recruitment in vivo (19). Function-blocking Abs were used 
to characterize the adhesion molecules mediating LPS-induced leukocyte 
recniitment in this model. Rats were treated i.v. with anti-P-selcctin mAb 
(RMP-1) I min before superfusion with LPS. This treatment was repeated 
at 105 min to ensure ncutraliiation of P-selectin. Other groups were treated 
at 105 min with anti-E-selcctin mAb (RME-1), anti-L-sclectin mAb (HKL- 
3), or a mAb against the a4-intcgrin (TA-2). The effects of Ab ir^ments 



on leukocyte trafficking were examined over the ISO-min treatment 
protocol. 

Adjuvant-induced vasculitis 

Under light anesthetic (diethyl ether; BDH Inc., Toronto, Canada), male 
Sprague-Dawley rats (160-220 g) were injected s.c. at the base of the 
tail with a solution of heat-killed Mycobacterium butyricum (Difco Lab- 
oratories, Detroit, MI) in Freund*s mineral oil adjuvant (Difco) (0.75 
mg of M. butyricum in 0. 1 ml of adjuvant). Previous experiments using 
inu-avital microscopy revealed a tremendous increase in leukocyte traf- 
ficking through mesenteric postcapillary venules 4 to 20 days after im- 
munization (12, 20). Twelve days after inununization, leukocyte traf- 
ficking was measured during the first 20 min following exteriorization 
of the mesentery to establish baseline recniitment. Animals were then 
treated at 20 min with Abs against P-selectin (RMP-1), E-selectin 
(RME-1), L-selectin (HRL-3), and/or the a4-intcgrin (TA-2). The ef- 
fects of Ab treatment on leukocyte rolling flux and leukocyte adhesion 
were measured over the next 45 min. 

Statistical analysis 

All values are reported as means ± SEM. The data within groups were 
compared using a paired Snident*s r-test with Bonferroni corrections for 
multiple comparisons where appropriate. An unpaired Student's /-test was 
used to compare between groups. Statistical significance was set at 
p<0.05. 

Results 

RMP-1 blocks P-selectin-dependent rolling 

As L^^Hdependent letikocyte rolling' has previously been shown 
to be P-selectin dependent (15), we used this model to demonstrate 
that the novel mAb RMP-1 blocks P-selectin-dependent leukocyte 
recruitment. Figure 1 demonstrates the effects of 20 nM LTC4 
superfusion an leukocyte-endothelium interactions in rat mesen- 
teric venules. ^Letikocyte . rolling; flux was significantly increased 
within 15 min of LTC4 superfusion (Fig. M). This increase in 
leukocyte rolling was not affected by a nonblocking P-selectin 
mAb (RP-2), but was completely reversed by a blocking anti-P- 
selectin mAb (RMP-1). However, P-selectin blockade did not re- 
duce leukocyte rolhng flux below initial baseline levels (Fig. \A). 
Administration of RMP-1 to control animals also failed to reduce 
leukocyte rolling below baseline, even with higher concentrations 
of Ab (data not shown). 

In Figure IB, it can be seen that LTC4 treaOnent caused a re- 
duction in leukocyte rolling velocity that was not affected by the 
nonblocking mAb RP-2. This reduction in leukocyte rolling ve- 
locity was completely reversed by the blocking P-selectin mAb 
RMP-1 (Fig. IB). The blocking anti-P-selectin mAb also reversed 
LTC4-induced increases in leukocyte firm adhesion (Fig. IC). This 
treatment likely did not reduce adhesion direcUy, but rather pre- 
vented further recruitment by blocking the prerequisite leukocyte 
rolling necessary for firm adhesion. 

The effects of other Ab treatments on LTC4-induced leuko- 
cyte recruitment are summarized in Figure 2. Similar to the 
treatment with nonblocking anti-P-selectin mAb, blocking 
mAbs directed against E-selectin (RME-1) or the a4-integrin 
(TA-2) did not affect LTC4-induced increases in leukocyte roll- 
ing flux or adhesion, or the reduction in leukocyte rolling ve- 
locity. Although the treatments are only represented at the 30- 
min time point, these Abs did not have any effects at other time 
points (data not shown). We have previously demonstrated that 
the L-selectin mAb (HRL-3) does not affect LTC4-induced leu- 
kocyte recruitment (15). 

Early LPS-induced leukocyte recruitment is P-seleain 
dependent 

The effects of LPS superfusion on leukocyte recruitment over a 
ISO-min time period are shown in Figure 3. Leukocyte rolling 
flux was significantly increased by 15 min after initiation of 
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FIGURE 1. The effects of anti-P-selectin treatment on LTC4-induced leukocyte recruitment. l:eukoeyte rolling flux {A), leukocyte rolling velocity 
(B), and leukocyte adhesion (C) in rat mesenteric postcapillary venules are shown. Vessels were superfused with 20 nM LTC4 after an initial 
control period. A blocking anti-P-selectin mAb (2.5 mg/kg; RMP-1, n = 5) or a nonblocking anti-P-selectin mAb (2.5 mg/kg; RP-2, n = 4) was 
administered at 20 min. * p < 0.05 relative to time 0 min. t p < 0.05 relative to nonblocking mAb. 



treatment and increased further between 90 and 150 min (Fig. 
3A). Leukocyte adhesion was significantly increased by 30 min 
after initiation of treatment and continued to increase until 135 
min, after which adhesion remained stable (Fig. 3B), Also note- 
worthy was the number of emigrated leukocytes observed in the 
extravascular tissues. After 90 min, leukocyte emigration was 
significantly elevated, and continued to increase over the ex- 
periment (Fig. 3C). Figure 3 also shows that there was no in- 
crease in leukocyte rolling flux or adhesion over 3 h in untreated 
animals, and only a subtle increase in emigration. In these ex- 



periments, leukocyte rolling velocity decreased by ^40% in 
LPS-treated animals (25.7 ± 4.9 /tm/s at 180 min vs 41.4 ± 4.4 
fxm/s at 0 min, p < 0.05), but not in untreated animals (65.4 ± 
12.4 /Ltm/s at 180 min vs 54.5 ± 9.7 /xm/s at 0 min). 

In Figure 4 it can be seen that treatment with the blocking 
anti-P-selectin mAb (RMP-1) prevented the LPS-induced in- 
creases in leukocyte rolling flux and adhesion over the first 90 
min of treatment (Fig. 4, A and B). However, leukocyte rolling 
and adhesion increased after this time point even though addi- 
tional Ab was administered at 105 min. The P-selectin mAb 
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jCURE 2. Effects of anti-adhesion molecule therapy on LTC4-induced leukocyte recruitment; Leukocyte rolling flux {Al leukocyte rolling 
?!ocity (B), and leukocyte adhesion (C) in rat mesenteric postcapillary venules are shown. Vessels were superfused with 20 nM LTC4 after an 
'rtial control period. Abs against P-selectin (nonblocking RP-2, n = 4; or blocking RMP-1, n = 5), E-selectin (2.5 mg/kg; RME-1, n = 4), or the 
r'ntegrin (4 mg/kg; TA-2, n = 3) were administered at 20 min. Values presented are the means of the 30-min time points and are representative 
[ the Ab treatment effects. * p < 0.05 relative to untreated control, t p < 0.05 relative to 20 nM LTC4. 



•so blocked LPS-induced leukocyte emigration (Fig. 4C). 

j^ely due to the reductions in leukocyte rolling and adhesion. 

*Dce leukocyte emigration was not normally observed until 
90 min of LPS exposure, it is possible that the inhibition 

j'leukocyie rolling and adhesion by RMP-1 during the first 90 
delayed the onset of emigration by an additional 90 min 
min total). Anti-P-seleclin mAb also reversed the reduc- 
in leukocyte roiling velocity, even at later time points 



(81.5 ± 8.6 /xm/s at lime 180 min), suggesting a P-seleclin 
component even at 3 h. 

Late LPS-induced leukocyte recruitment is dependent on L- 
seiectin and the a^-integrin 

As P-selectin-independent leukocyte rolling and adhesion devel- 
oped after 90 to 105 min of LPS superfusion. we characterized the 
recruitment mechanism(s) operating at these later time points. In 
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FIGURE 3. Local LPS administration induced 
leukocyte recruitment in rat postcapillary venules. 
Leukocyte rolling flux (A), leukocyte adhesion (5), 
and leukocyte emigration (C) were significantly in- 
creased by continuous superfusion of the mesen- 
tery with a solution containing 1 /ig/ml LPS (n = 6). 
The mesentery of control rats (n = 3) was super- 
fused with saline buffer. ♦ p < 0.05 relative to time 
0 min. + p < 0.05 relative to untreated control. 
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Figure 5 it can be seen that treatment with a blocking E-selectin 
mAb (RME-1) did not reduce leukocyte rolling flux or adhesion 
during the later phase of recruitment. However, treatment with 
anti-L-selectin Ab (HRL-3) or an anti-a4-integrin Ab (TA-2) re- 
duced leukocyte rolling and adhesion to baseline levels. This sug- 
gests that both molecules were utilized for the LPS-induced rolling 
at later time points. There were no further increases in leukocyte 
rolling velocity with any of these treatments (data not shown). 

Leukocyte recruitment in adjuvant-induced vasculitis is 
dependent on L-selectin and the a^-integrin 

Figure 6 summarizes the role of the selectins in M. butyricum- 
treated animals at 12 days after immunization. The inset illustrates 
the Ab administration protocol. Function-blocking Ab was admin- 
istered at 20 min. after two baseline observations (time 0 and 15 
min), and the effects were followed over the next 45 min. The 
values in Figure 6A are the average leukocyte rolling flux observed 
over the 45 min after Ab treatment. Blocking Ab against P-selectin 
(RMP-1) did not reduce leukocyte rolling flux (Fig. 6A and inset) 
or adhesion (Fig. 6B), Leukocyte rolling flux was unaffected even 
if RMP-1 was given at three limes the optimal concentration (7.5 



mg/kg vs 2.5 mg/kg) (data not shown). Combined treatment with 
Abs against both P-selectin (RMP-1) and E-selectin (RME-1) also 
failed to reduce leukocyte rolling flux or adhesion (Fig. 6). Treat- 
ment with the combination of Abs to P-selectin (RMP-1), E-se- 
lectin (RME-1), and L-selectin (HRL-3) rieduced leiikocyte rolling 
flux by -50%, implicating a role for L-selectin in leukocyte roll- 
ing 12 days after immunization (Fig. 6A). This combined anti- 
selectin treatment did not reduce leukocyte adhesion (Fig. 6B). 
None of the anti-selectin treatments caused significant changes in 
leukocyte rolling velocity (data not shown). 

To confirm that the role for L-selectin in mediating leukocyte 
rolling was not due to overlapping adhesive mechanisms involving 
the other selectins, experiments were repealed using L-selectin Ab 
alone. In Figure lA it can be seen that L-selectin Ab (HRL-3) 
reduced leukocyte rolling by -55%, suggesting that L-selectin 
functions independent from the other selectins in this model. To 
characterize the mechanism mediating the remaining leukocyte 
rolling, animals were treated with a function-blocking Ab against 
the a4-integrin (TA-2). Treatment with the a4-integrin Ab on its 
own reduced leukocyte rolling by —60% (Fig. 7A), indicating an 
important role for the a4-integrin in mediating leukocyte rolling at 
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FIGURE 4. The effects of anti-P-selectin therapy 
on LPS-induced leukocyte recruitment. LPS-in- 
duced increases in leukocyte rolling flux {Ah leu- 
kocyte adhesion {Bl and leukocyte emigration 
(C) were significantly attenuated by an antt- 
P-selectin mAb (2.5 mg/kg; RMP-1. n = 4). The 
mesentery was superfused with a 1 fig/ml LPS so- 
lution throughout the experiment. * p < 0.05 rel- 
ative to time 0 min. + p < 0.05 relative to LPS 
treatment alone. 
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day 12 following immunization. This ireatment also reduced leu- 
kocyte firm adhesion by 75 to 80% (Fig. IB), implicating roles for 
this molecule in both leukocyte rolling and firm adhesion. Admm- 
islration of the anti-a^-integrin Ab also increased the leukocyte 
rolling velocity by 47% (65.0 ± 3.9 ^m/s vs 44.2 ± 3.3 tim/s 
untreated day 12. p < 0.05). Co-administration of ant'-L-selectm 
and anti-a,-integrin Abs reduced leukocyte rolling flux by ~90% 
(Fig lA) As this treatment was more effective than either ad 
alone an independem component for each adhesion molecule is 
suggested. Nevertheless, a flux of approximately 50 cells/min con- 
tinued to roll. The combined treatment did not cause a further 
reduction in leukocyte adhesion (Fig. IB), suggesting a pnmaj7 
role for the a,-integrin in this interacuon. This combination of Abs 
failed to increase leukocyte rolling velocity over the increase in- 
duced by the a,-integrin mAb alone (60.2 ± 6.6 txm/s). In addi- 
tional experiments, treatment with Abs against P-seleciin. E-se ec- 
lin. L-se!ectin. and the a^-integrin did not reduce leukocyte rolling 
further (data not shown). . . 

None of the Ab treatments had significant effects on circulating 
leukocyte counts in any of the models studied (Table I). 



Discussion 

Many different adhesion molecules have been implicated in the 
recniitment of leukocytes to sites of inflammation. However, this 
information has been obtained using a wide variety of techniques, 
reagents, and inflammatory models, making it difficult to direcUy 
compare recruitment mechanisms operating under different inflam- 
matory conditions. This study is the first to systematically charac- 
terize the role of adhesion molecules in leukocyte recruitment to 
the same tissue under acute, subacute, and chronic inflammatory 
conditions. 

In acute LTC^-induced inflammation, increased leukocyte roll- 
ing was completely blocked by RMP-1. a new mAb against rat 
P-selectin. This inhibition of LTQ-induced leukocyte rolling is 
consistent with our previous observations using a different mAb 
(PB1.3) raised against human P.selectin (15). However, neither 
RMP-1 nor PBI.3 were able to inhibit leukocyte rolling below 
baseline levels (-10-20 cells/min). Interestingly, RMP-1, which 
binds to a functional epitope on both rat and mouse P-selcctin (17). 
as well as other anti-mouse P-selectin Abs eliminate leukocyte 
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FIGURE 5. P-selectin-independent leuko- 
cyte recruitment mechanisms in the late 
phase of local LPS administration. Leukocyte 
rolling flux {A) and leukocyte adhesion (0) in 
rat mesenteric postcapillary venules are 
shown. Animals received anti-P-selectin mAb 
(2.5 mg/kg; RMP-1) at 5 min. A l-fig/ml LPS 
solution was superfused over the mesentery 
throughout the experiment. At 1 05 min, rats 
were administered an additional dose of 
RMP-1 plus Ab against: E-selectin (2.5 mg/kg; 
RME-1, n = 4), L-selectin (1 mg/kg; HRL-3, 
n = 4), or the a^-integrin (4 mg/kg; TA-2, n - 
4). * p < 0.05 relative to lime 0 min. + p < 
0.05 relative to LPS + RMP-1 treatment. 
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rolling in mouse venules (Ref. 21, and our unpublished observa- 
tions), raising the possibility that an additional rolling mechanism 
may exist in the rat. We have previously determined that baseline 
rolling is not dependent on L-selectin or the a4-integrin (12), while 
the time course of this model is insufficient for the transcriptional 
up-regulation of E-selectin (22-26). These data all suggest that an 
alternate and as yet unidentified adhesive mechanism mediates 
baseline leukocyte rolling in rat mesenteric venules. Although the 
identity of this molecule remains unknown, it appears to have se- 
lectin-like functions as baseline rolling can be eliminated by the 
selectin blocking carbohydrate fucoidan (12). A similar mecha- 
nism may also exist in the feline mesentery (27). 

In contrast to mAb PB1.3, RMP-1 was able to reverse the de- 
crease in leukocyte rolling velocity caused by LTC4. A possible 
explanation for this may be related to differences in Ab binding. 
RMP-1 binds to a conformational epitope in the lectin and/or epi- 
dermal growth factor domains of rat P-selectin (17), while PB1.3 
binds in the complement repeals of P-selectin, a region not re- 
quired for ligand binding (28). Rather than directly blocking a 
functional P-selectin epitope. PB1.3 may block rolling by sieric 
hindrance or reducing the flexibility of P-selectin. In the presence 



of PB1.3, the lectin domain may still be available to facilitate slow 
rolling of leukocytes when rolling is initiated via an alternate 
mechanism. 

In our model of LPS-inducied inflammation, the early (acute) 
increase in leukocyte recruitment was also completely dependent 
on P-selectin. RMP-1 blocked leukocyte rolling over the first 90 
min, after which there was an increase in leukocyte recruitment via 
P-selectin-independent mechanisms. This latter phase of leukocyte 
recruitment could be inhibited by Abs against either L-selectin or 
the a4-integrin. These data suggest a sequential pattern in which 
these cells may use L-selectin to tether to the endothelium and then 
roll via the a4-integrin. L-selectin has been demonstrated to me- 
diate the initial attachment of leukocytes to the endothelium in 
vitro and in vivo (12, 29), and the absence of a4-dependent leu- 
kocyte rolling in the presence of L-selectin Ab supports this se- 
quential pattern. 

The overlapping requirements for L-selectin and the a4-integrin 
are consistent with the adhesion cascade reported under shear con- 
ditions for eosinophils and monocytes (10, 30, 31). L-selectin ap- 
pears 10 mediate the initial tethering of these cells to the endothe- 
lium while the a4-iniegrin mediates the transition from rolling to 
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^ FIGURE 6. Effect of anti-selectin therapy on 
leukocyte rolling flux {A) and leukocyte adhe- 
Ision (B) in mesenteric venules of M. butyncum- 
immunized (day 12) animals. Immunized ani- 
l^mals were treated with combinations of mAt)S 
I' against: P-selectin (2.5 mg/kg; RMP-1, n = 4), 
Kp^selectin + E-selectin (2.5 mg/kg; RME-1, n - 
§A) or P-selectin + E-selectin + L-selectin mAb 
t^n'mg/kg; HRL-3, n « 4) at 20 min into a 60- 
fmin protocol. This administration protocol is il- 

I lustrated in the inset. The administration of 
m RMP-1 at 20 min did not affect leukocyte roll- 
m ing flux. The time points after Ab administra- 
l^tion were compared with the initial baseline 

II time points within each animal. ip< 0.05 rel- 
■ ative to untreated day 12 immunized animals. 
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Ifinn adhesion. Although rat neutrophils have been shown to ex- 
I press the a,-integrin (32). this molecule does not appear to mediate 
ibaseline (12) or LTC^-induced leukocyte rolling (this study). It is 
I not known whether the o^-integrin can be up-regulated to mediate 
Ineutiophil recruitment at the later stages of LPS admimstrat.on 
fand it remains to be determined what cell types are interacung with 
pile endothelium at this time point. 

p The role of E-selectin in inflammation is not entirely clear, b- 
Iselectin expression is induced on the surface of cultured endothe- 
I lium 2 to 4 h after treatment with LPS. TNF-a. or IL-1 (22. 26, 33). 
powever. the anti-rat E-selectin mAb (RME-1) was unable to 
iblock leukocyte recruitmem in rat mesenteric venules treated with 
W^, despite its ability to block binding to E-selectin in vitro (18), 
f and reduce leukocyte recruitment to inflamed joints and sites of 
|<iermal inflammation in vivo (34). Previous Ab studies using re- 
pagents and cells that cross species have produced equivocal results 
|;with respect to E-selectin. An anti-human E-selectin Ab reduced 
f .*e rolling of isolated human neutrophils injected into IL-l-stim- 
I'Wated rabbit mesenteric venules (25, 35), whereas a different anli- 
an E-seleclin Ab blocked feline neutrophils from rolling on 



sumulated feline endothelium in vitro but could not block TNF- 
a-induced rolling in cat mesenteric venules (36). The present study 
is the first to use a rat E-selectin Ab to examine leukocyte recruU- 
ment in the rat mesentery using a stimulus known to induce B- 
selectin expression in vitro. Our data support the notion Aa 
E-selectin is not important in this vascular bed. It appears that 
E-seleclin may be more selective for leukocyte recruitment to 
other tissues, as E-selectin has been implicated jeukocy^^ 
cruitmem to dermal inflammation in the pig (37) and rat (34). and 
LPS-induced leukocyte recniitment to the murine lung (38)_ 

We have previously reported roles for the a,-integnn (-50%). 
P-selectin (-20%). and L-selectin (-50%) leukocyte necni.t^ 
ment 4 days after immunization with M. butyncum (12). Twelve 
days after immunization, the recruitment pattern appears to ex- 
clude a role for P-selectin and no role could be found for E-selec- 
tin even when other adhesion molecules were blocked. However. 
90% of leukocyte rolling could be eliminated by the tandem ad- 
niinistration of Abs against L-selectin and the "^-injegnn^ Unlike 
the LPS model, these treatments were additive rather than over- 
lapping, suggesting independent adhesive cascades. It is possible 
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ROLES OF SELECTINS AND THE a^-INTECRIN IN VIVO 



FIGURE 7. Effect of anti-L-selectin and a4-inte- 
grin therapy on leukocyte rolling flux {A) and leu- 
kocyte adhesion (5) in mesenteric venules of M. 
bufyr/cufn-immunizfed (day 12) animals. Immu- 
nized animals were' treated with an anti-L-selectin 
mAb (1 mg/kg; HRL-3, n = 4), an anti-a4 mAb (4 
mg/kg; TA-2, n = 4), or both in = 4) 20 min into 
a 60-mih protocol. The administration protocol is 
illustrated in the inset. The adminisVation of 
HRL-3 at 20 min significantly reduced leukocyte 
rolling flux at 30 and 60 min. The time points after 
Ab administration were compared with the initial 
baseline time points within each animal. * p < 
0.05 relative to time 0 min. + p < 0.05 relative to 
untreated day 1 2 immunized animals. 
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Table I. Circulating leukocyte counts in animals receiving n)Ab treatments 









Leukocyte Counts (XlO^ cells/ml) 






Treatment 


No mAb 


RP-2 


RMP-1 . 


RME-1 


HRL-3 


TA-2 


LTC, 
LPS' 

M. butyricum^ 


77.3 ± 9.2 
74.0 ± 7.6 
169.7 ±11.9* 


71.7 ± 12.8 
ND 
ND 


82.2 ± 9.9 
78.6 ± 5.2 
187.2 ± 7.7* 


61.0 ± 3.4 
67.0 ± 3.8 
189.3 ± 7.8* 


ND 
77.4 ± 5.9 
222.9 ± 13.9V 


101.64 ± 17.4 
70.3 ± 4.5 
211.5 ± 19.3* 



* LPS-treaied animals given RME-1, HRL-3, or TA-2 also received RMP-1. 

''M. fauryr/cum-immunized animals given RME-1 also received RMP-1. ..... i u 

• p < 0.05 compared with LTC^ and LPS-treated animals. Antibody treatments did not cause significant changes m circuiatmg leukocyte counts. 



that two cell populations may be recmited in this nnodel. one roll- 
ing via L-selectin and the other rolling via the a4-inlegrin. How- 
ever, the dual administration of Abs against the a4-integrin and 
L-selectin did not completely inhibit leukocyte rolling. A signifi- 
cant number of cells continued to roll in mesenteric venules of M, 
^uryncwm-immunized rats even after treatment with Abs against 
L-selectin and the a4-integrin (—50 cells/min), suggesting 
an additional adhesion molecule may be present. The existence of 
another adhesion molecule able to mediate leukocyte tethering and 
rolling is consistent with an in vitro report of a novel selectin-like 



adhesion molecule up-regulated on the surface of cultured endo- 
thelium 24 h after IL-1 stimulation (39). This ligand mediates leu- 
kocyte rolling via carbohydrate moieties presented by L-selectin 
and other neuraminidase-sensitive ligands expressed on the 
leukocyte (39). 

This paper demonstrates that different leukocyte adhesive mech- 
anisms are evoked in acute, subacute, and chronic inflammatory 
settings. The novel findings of this study include roles for L-se- 
lectin and the a4-integrin in LPS- and adjuvant-induced leukocyte 
recruitment. Additionally, we could not find a role for E-selectin in 
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acute, subacute, or chronic mesenteric inflammation in the rat. Fi- 
nally, a P-;E-. and L-selectin (and a4-integrin)-independenl rolling 
pathway appears' to exist in chroriically inflamed microvessels in 
the rat. Future /work is directed toward identifying the type of 
rolling and adhering leukocytes in viyo. as differences in recruited 
cell type(s) likely underlie: die different adhesive pathways ob- 
served during acute, subacute, and chronic inflammatory pro- 
cesses. Clearly, the. adhesive xascade that m^^^^ leukocyte re- 
cruiunent can change in different inflanunatory setlingfdependin 

on the stimulus^;thc^time cc)^ 

mrefore. potential ahtiMiifla^ to block 

leukocyte recruitment in disease states must be designed carefully 
. to target the adhesive mechanisms that are important in that in- 
flanmiatory setting. 
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